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4    Introduction 
 
 
 
1. Introduction 
 
 
 
 
Runners, jumpers and other athletes such as skiers, cyclists and soccer players 
put heavy stress on their knees. Studies have shown that forty-two percent of all 
overuse injuries affect the knee joint, and patellofemoral pain syndrome (PFPS), or 
simply "runner's knee," is the most common overuse injury among runners. 
PFPS can be defined as a Retro-patellar (behind the patella) or Peripatellar 
(around the patella) pain, resulting from physical and biomechanical changes on 
the patellofemoral joint. This pain is often made worse by sitting for prolonged 
periods, stair climbing or any activity which involves bending the knee. PFPS can 
persist and affect athletic activity indefinitely. In fact, athletes must modify their 
athletic activity as they continue to be plagued by pain for several years. 
Despite high incidence of PFPS, the exact cause of these disorders remains 
enigmatic and abides one of the most vexatious clinical challenges in rehabilitation 
medicine. The mechanism for PFPS is not well understood; however it has been 
suggested that the condition may rise from abnormal muscular and biomechanical 
factors that alter tracking of the patella within the femoral trochlear notch. 
Due to high incidence PFPS among athletes, as well as disagreement about 
the relevant effectors, more research needs to be conducted to determine the 
factors which cause PFPS. The purpose of this study was to consider the factors 
that may affect knees and cause PFPS. Insufficiency of lateral and medial 
stabilizer muscles of the patella (vastus lateralis and tensor fascia lata muscles as 
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lateral stabilizers and vastus medialis obliquus muscle as a medial stabilizer) may 
have an effect on the patella and develop patellar malaligment and, consequently, 
PFPS. On the other hand, the ankles, knees and hips act as link system making 
possible the transmission of forces into the pelvis and spine during running, 
jumping, kicking and throwing. If one of these joints has anatomical and 
biomechanical abnormalities, it can affect the other joints.  Therefore, changes in 
lumbar curve, pelvic tilt and leg alignment may have an effect on knee joints. Since 
the shortness of muscles often correlates with sport injuries, decreased flexibility 
of the muscles around the knee and hip may be present during knee pain. In the 
present study, flexibility of hip flexor muscles and iliotibial band, which is a tendon 
of tensor fascia lata and gluteus maximus, were considered. 
For consideration of the effect of these risk factors in creation of PFPS, two 
athletic groups, with and without PFPS, was chosen. The electrical activity of 
tensor fascia lata (TFL), vastus lateralis (VL) and vastus medialis obliquus (VMO) 
muscles was compared in these two groups.  In addition, lumbar lordosis, pelvic 
tilt, leg deformities such as leg length discrepancy, knee varus and valgus, foot 
pronation and foot arch, and flexibility of iliotibial band and hip flexor muscles were 
compared in the above mentioned groups. 
Also, range of motion of hip in flexion, extension, abduction, adduction, 
external rotation and internal rotation, and range of motion of knee in flexion and 
extension were studied for considering of effect of patellofemoral pain on range of 
motion. 
Since Tai chi helps or reduces the load on the lower limb joints, particularly in 
the knee, the subjects doing Tai chi, were chosen as a third group. Tai chi consists 
of slow, continuous movements that incorporate elements of strengthening, 
balance, postural alignment, relaxation and concentration. All of the above 
mentioned risk factors and hip and knee range of motion were compared in the Tai 
chi group with patients and a control group. It is assumed that Tai chi exercise can 
be suggested to patients in order to improve the patella malaligment and the 
alleviation of PFPS. 
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2. Theoretical aspects 
 
 
 
 
The knee joint, which appears like a simple hinge-joint, is one of the most complex 
joint. Moreover, knee is more likely to be injured than is any other joint in the body. 
It is made of the two main joints: tibiofemoral (the articulation between the tibia 
and femur) and patellofemoral (the articulation between the patella and femur). 
The patella is a unique structure that plays a central role in the normal 
biomechanics of the knee.¹ The major functions of the patella are to increase the 
extensor moment of the quadriceps muscle and to minimize the concentration of 
stress by transmitting forces evenly to the underlying bone.² In other words, the 
main biomechanical function of the patella (knee cap) is to improve the quadriceps 
efficiency by increasing the lever arm of the extensor mechanism. As the knee 
flexes (the tibia moving on the femur), it articulates with the trochlear region of the 
femur along the upper two third of its posterior surface. During knee flexion the 
patella moves downward. ³ 
McConnel stated that the patellofemoral joint is largely a soft-tissue joint. In 
the first 20°, the patella is under the influence of the surrounding soft-tissue 
structures so that it is particularly vulnerable and susceptible to problems. After 
20° of knee flexion, the bony architecture is increasingly responsible for controlling 
the position of the patella.² 
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Stability of the patellofemoral joint involves dynamic and static stabilizers, which 
control movement of the patella within the trochlea, referred to as patellar 
tracking.⁴ Fibers from the ilitibial band (ITB) and vastus lateralis (VL) stabilize the 
patella laterally and fibers of the vastus medials oblique (VMO) stabilize the patella 
medially.³ 
The vastus medialis (VM) is divided into two distinct parts the longus (VML) 
originating from the shaft of the femur⁵ and the VMO originates from the adductor 
tubercle of the distal medial femur and inserts into the medial retinaculum and 
superomedial portion of the patella.⁶ The longus, where the fibers are oriented 
15-18 degrees medially to the frontal plane and the obliquus, where the fibers are 
oriented 50-55 degrees medially in the frontal plane.⁷ The VML acts with the rest 
of the quadriceps to extend the knee. Although the VMO does not extend the 
knee, it is active throughout knee extension to keep the patella centered in the 
trochlea of the femur.⁷ 
The VL, which is a lateral stabilizer, originates in outer surface of the greater 
trochanter of the femor and insert to lateral border of the patella. ⁸ The fibers of the 
VL are oriented 12-15 degrees laterally in the frontal plane.⁷ 
The ITB, which is a tendinous portion of the Tensor fascia lata (TFL) and 
gluteus maximus, ⁹ provides dynamic lateral stabilization of the patella.¹⁰ Since the 
TFL muscle is a lateral stabilizer of patella and an internal rotator of hip,  ¹¹ and 
TFL/ITB complex tightness may contribute to the development of PFPS,  ¹² in the 
current study we considered this muscle. 
The TFL muscle takes origin from the anterior iliac crest in an arc and through 
iliotibial band is attached to lateral condyle of the tibia.  Passive (such as the 
medial and lateral retinaculum and the joint capsule) and dynamic stabilizers affect 
function and allow for proper patellar tracking.⁴ Patellar tracking can be altered by 
imbalances in these stabilizing forces affecting the distribution of forces along the 
patellofemoral articular surface, the patellar and quadriceps tendons, and the 
adjacent soft tissues.⁴ Forces on the patella range from between one third and one 
half of a person’s body weight during walking to three times body weight during 
stair climbing and up to seven times body weight during squatting.¹³ 
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2.1. Definition of patellofemoral pain syndrome 
Patellofemoral pain syndrome (PFPS) is a term for a variety of pathologies or 
anatomical abnormalities leading to a type of anterior knee pain.¹⁴  PFPS is the 
most common knee complaint found with adolescents and young adults¹⁵’¹⁶  and 
the most common single diagnosis among runners and in sports medicine 
centers.¹⁷ This term (PFPS) is often used interchangeably with anterior knee pain 
or runner’s knee.⁴ Forty-two percent of all overuse injuries affect the knee joint, 
and patellofemoral pain syndrome (PFPS), or simply "runner's knee," is the most 
common overuse injury among runners.¹⁸ 
PFPS is a chronic injury that can persist and affect athletic activity 
indefinitely.¹⁵ It encompasses disorders in which pain and point tenderness is 
present in or around the patellofemoral joint.¹⁹ Pain may be precipitated by an 
increase in the frequency or intensity of repetitive loaded activities.²⁰ Repetitive, 
high-frequency overload delivered to a malalignment extensor mechanism yields 
persistent, debilitating, unremitting pain in some athletes.²¹ once the patellofemoral 
joint becomes overload and irritated, secondary subchondral bone degeneration, 
chronic retinacular strain, small-nerve injury, or persistent aggravation of the 
peripatellar synovium may occur.¹⁵ 
Some authors describe patients with PFPS under the rubric of condromalascia 
patella.²² However, Chondromalacia patella, a condition in which there is softening 
of the patellar articular cartilage, occurs in only a subset of patients who present 
with anterior knee pain.⁴ 
2.2. Prevalence 
Researchers have shown an incidence as high as one in four, and even higher, 
among athletes. Despite this high incidence, the exact cause of these disorders 
remains enigmatic.²³’²⁴’²⁵’²⁶ Wilk et al. have stated that PFPS remains one of the 
most vexatious clinical challenges in rehabilitation medicine.²⁷ 
2.3. Symptoms 
The major complain of patients with PFPS is retropatellar pain during activities 
such as running, squatting, going up and down stairs, prolonged sitting, cycling, 
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and jumping.¹⁶ Patients with PFPS typically describe pain around, behind or 
underneath the patella.¹⁵ Pain is often described as dull and aching or throbbing 
but occasionally there may be episodes of acute sharp pain.¹⁷ Clinical criteria 
include pain on direct compression of the patella against the femoral condyles with 
the knee in full extension, tenderness of the posterior surface of the patella on 
palpation, pain on resisted knee extension and pain with isometric quadriceps 
muscle contraction against suprapatellar resistance with the knee in 15° of 
flexion.¹⁶ Some patients report uncomfortable grating while flexing or extending the 
knee and this complaint may be constantly present with knee movement.¹⁷ 
2.4. Risk factors 
Various authors have attributed PFPS to intrinsic and extrinsic risk factors.¹⁵ 
Extrinsic risk factors are related to factors outside the human body, such as the 
type of sports activity, the manner in which sport is practiced, the environmental 
conditions, and the equipment used. Intrinsic risk factors relate more to individual 
physical characteristics and physiological traits.¹⁵ 
A combination of factors, such as abnormal lower limb biomechanics, 
abnormal lateral tracking of the patella, soft tissue tightness, muscle weakness 
and excessive exercise, may result in increased cartilage and subchondral bone 
stress, subsequent PFPS and subtle patellar malalignment or more overt patellar 
maltracking.²⁸’²⁹’³⁰’³¹ 
One of factors that affect on abnormal patella tracking is muscle imbalance. 
2.4.1. Lateral and medial stabilizer muscles of patella 
Soft tissue structures provide both dynamic and static stabilization of the 
patellofemoral joint. As the VMO is an important dynamic medial stabilizer of the 
patella, ³¹’³² the ITB and VL provide dynamic lateral stabilization of the 
patella. ³³’³⁴’³⁵  Despite of important role of ITB on the patella, most of studies 
considered only imbalance between the VMO and VL muscles. 
Insall (1982) suggested that mechanism of abnormal lateral tracking of the 
patella is an imbalance in the activity of the VMO muscle relative to the VL.  
Habitual lateral tracking may produce adaptive changes, and in time the 
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quadriceps tendon comes to lie more to the lateral side of the knee. The VMO 
becomes stretched and the VL becomes contracted.³⁶ 
Grabiner et al. (1991) stated that the biomechanical balance between the 
VMO and VL is considered to be a factor influencing patellar tracking within the 
intercondylar notch. It is assumed that the medial tracking role of the VMO 
counteracts the laterally directed force of the VL on the patella.³⁷ 
Lateral tracking of the patella may be due to inadequate medial control from 
the VMO in persons with PFPS. This inadequate control could be due to a 
reduction in the tension-producing capacity of the VMO or a problem with the 
timing of VMO activity. ³¹ 
Souza and Gross (1991) compared VMO/ VL integrated electromyographic 
(IEMG) ratios of healthy subjects and patients with unilateral PFPS under isotonic 
and isometric quadriceps femoris muscle contractions. The results indicated  
VMO/ VL ratios for isotonic stair-climbing activities were significantly greater than 
VMO/ VL ratios for isometric contractions and normalized VMO/ VL ratios in 
healthy subjects were significantly greater than that of the patients. They stated 
that patients with PFPS may have abnormal VMO/ VL activation patterns.³⁰ 
Boucher (1992) studied isometric maximum knee extension at 90°, 30° and 
15° of knee flexion for recording the electrical activity of the VMO and VL in the 
subjects with and without PFPS. His results demonstrated that VMO/ VL and  
VML/ VL ratios showed no significant differences between groups and between 
the three angles. They concluded that in advanced cases of patellofemoral pain 
syndrome the VM may even be less active relative to the VL in the last degrees of 
extension compared to 90°.³⁸  
Karst and Willett (1995) also considered the onset timing of EMG activity of 
the VMO and VL in asymptomatic subjects and subjects with PFPS during reflex 
knee extension, active knee extension in non-weight-bearing and weight-bearing 
situations. They showed no differences between the two groups with respect to the 
relative timing of initial VMO and VL activity under any of three conditions tested.³⁹ 
Cowan et al. (2001) considered the electromyographic (EMG) onset of the 
VMO and VL in the patients and control group during the functional task of stair 
stepping. The results showed that in the PFPS population, the EMG onset of the 
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VL occurred before that of VMO in both the step up and step down phases of the 
stair-stepping task.⁴⁰ 
Owings and Grabiner (2002) studied the activation timing and amplitude of the 
VMO and VL in the health subjects and patients with PFPS during maximum 
voluntary knee extension contractions initiated from a flexed and an extended 
position. Their results showed that there were no between group differences in 
activation timing. The activation amplitude of the VMO and VL muscles of the 
PFPS subjects was altered to the greatest extent during eccentric contractions and 
differed significantly from that of the control group.²⁵ 
Mellor and Hodges (2005) demonstrated that coordination of motor units 
between the medial and lateral vasti muscles in people with anterior knee pain is 
reduced compared to people without knee pain. They believed that it confirms that 
motor control dysfunction is a factor in this condition and has implicated for 
selection of rehabilitation.⁴¹ 
McClinton et al. (2007) in a case control study compared the onset timing and 
activation of the VMO and VL between subjects with and without PFPS at various 
step heights. The result of their study demonstrated that quadriceps onset timing 
and activation magnitude during stair ascent was similar between two groups, 
regardless of step height.⁴² 
Moraes Santo et al. (2007) determined difference between the VMO/VLL 
muscles activation during treadmill gait level and ascending to 5% degree between 
patients and healthy subjects. They showed no significant difference in the  
VMO/ VL ratio between the two groups, regardless the condition. They stated that 
although there was not significant difference, the subjects of the control group 
showed higher values in the VMO/ VL ratio in two tested conditions than the 
subjects of the PFPS group.⁴³ 
Santos at al (2008) suggests that there is an imbalance in the electric activity 
and abnormal recruitment patterns among the VMO, VLL and VLO muscles in 
individuals with PFPS, with greater delay and lower amplitude of activation of the 
VMO in this group.⁴⁴ 
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Van Tiggelen et al. (2009) showed that delayed onset of electromyographic activity 
of the VMO-VL is one of the contributing risk factors to the development of 
PFPS.⁴⁵ 
The other soft tissue which influences the patella is TFL. To my knowledge a 
few studies considered the electrical activity of the TFL 
Banovetz et al. (1996) suggested that the VL, TFL and rectus femoris (RF) all 
produce a lateral force moment on the patella and the VMO counteracts this lateral 
force moment.⁵ 
McConnel (1996) expressed that the decrease in activity of the TFL will result 
in a decreased lateral pull on the patella which, because the patella is not being 
displaced laterally, will enhance VMO activity.⁷ 
Smith (1997) believed that ITB tightness results in over-activity in the TFL and 
diminished activity in the VMO.⁴⁶ 
Wheatly and Jahnke (1951) did an electromyographic study of the thigh and 
hip muscles. They used essentially isokinetic movements and found the the vasti 
fire later than the RF and TFL in active extension in the patients.⁴⁷ 
Gregersen and et al. (2006) determined whether activation patterns of the 
VMO, VL and TFL were affected by changes in the varus/valgus in the cyclists 
without history of overuse knee injury. Their results revealed that the VMO/ VL 
activation ratio increased significantly and the TFL activation decreased 
significantly as the varus moment decreased. They suggested that everting the 
foot may be beneficial towards or ameliorating PFPS in cycling.⁴⁸ 
2.4.2. Lumbar lordosis and pelvic tilt 
2.4.2.1.  Lumbar lordosis 
 The trunk can be described as a complex of three functional components: the 
thorax, lumbar spine and pelvis. The thorax and pelvis can be modeled as rigid 
bodies, because sagittal plane rotation and displacement within these structures 
are limited by anatomic constrains. The lumbar spine acts as a flexible bridge 
between these two relatively rigid segments.⁴⁹ 
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Physical therapists routinely assess relaxed standing posture to help identify 
possible problems with the spine or peripheral joints.⁵⁰ 
To my knowledge, there are few studies which indicate a relation between 
lumbar lordosis and PFPS. However, some studies indicated the relationship 
between lumbar spine disorders and knee injuries.⁵¹’⁵² 
Watson (1995) showed that knee injuries were found to be associated with 
lumbar lordosis.⁵² 
Dvorak et al. (2000) stated that knee injuries were showed to be associated 
with a higher degree of lumbar lordosis and the presence of sway back.⁵³ 
Erkula (2002) indicated that tight hamstring can lead to increased thoracic 
kyphosis, decreased lumbar lordosis, posterior pelvic tilt and a flexion posture in 
the knee. These postural changes generally lead to anterior knee pain.⁵⁴ 
Murata (2003) indicated that a loss of lumbar lordosis is related to 
degenerative changes in the knee. This may be called the “knee-spine 
syndrome”.⁵⁵ 
Goncalves da Rocha et al. (2006) in a case report described the rehabilitation 
of a patient with severe knee pain and chronic low back dysfunction. They stated 
that clinical examination by analysis of passive and active movements elicited pain 
in the knee, and pain referred to the knee from the hip and lumbar spine.⁵¹ 
Only Press and Young (1998) indicated the relationship between lumbar 
lordosis and PFPS. They proposed that an increased lumbar lordosis may 
contribute to PFPS.⁵⁶ 
Tsuji et al. (2002) suggested that in elderly Japanese, decreased lumbar 
lordosis and sacral inclination lead to increasing thigh muscle tension and knee 
flexion while standing. This increases low back pain and PFPS.⁵⁷ 
2.4.2.2. Pelvic tilt 
Other factor may be associated with PFPS is pelvic tilt. Pelvis position is the most 
important contributing factor on patellofemoral joint biomechanics.⁵⁸ 
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McConnel (1996) stated that a stable pelvis will minimize unnecessary stress on 
the knee. He expressed that for example; a patient with internally rotated femurs, 
posterior tilted pelvis and hyperextended knee will usually have poor inner range 
quadriceps control and will not use knee flexion for shock absorption on heel 
strike, but will increase the amount of lateral pelvic tilt.⁷ 
Hruska (1998) indicated that weakness of the muscles which help to maintain 
pelvic stability may result in increased medial femoral rotation and valgus knee 
moments, augmenting compressive forces on the patellofemoral joint.⁵⁸ 
Sathe et al. (2002) suggested that muscle imbalances lead to an increase in 
anterior tilt of the pelvis leading to excessive medial femoral rotation. Medial 
femoral rotation, in turn, increases compression of the lateral patellar facet thereby 
producing pain.⁵⁹ 
Plastaras et al. (2005) expressed that anterior pelvic tilting causes an 
increased knee flexion angle, and thus, produces more eccentric force loads on 
the quadriceps.⁶⁰ 
Tyler et al. (2006) stated that patients with PFPS demonstrated significant 
weakness in their hip flexor. This weakness may not adequately provide a stable 
pelvis during gait, which essentially inhibits the pelvis from going into an anterior 
pelvic tilt and concomitant femoral internal rotation.⁶¹ 
Sweeting and Mock (2007) indicated that the increased anterior pelvic tilt 
predisposes indirectly the patient to patellofemoral joint syndrome.⁶² 
2.4.3. Malalignment of lower-extremity 
Malalignment of the lower extremity has been considered a contributory factor in 
the development of PFPS.⁶³ These biomechanic abnormalities may arise from 
anatomic as well as functional factors.⁶⁴ 
However, Wen et al. (1997) studied 304 runners enrolling in a marathon 
training program. The alignment measurements consisted of arch index, heel 
valgus, knee tuberclesulcus angle, and knee varus and leg length discrepancies 
(LLD). They concluded that lower-extremity alignment is not a major risk factor for 
running injuries.⁶⁵ 
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Lower extremity alignment factors associated with patients with PFPS include:  
LLD, excessive rearfoot pronation, poor flexibility, inadequate pelvic control, 
genu varum, genu valgum, excessive quadriceps angle (Q angle) and 
genu recurvatum. ⁶⁶’⁶⁷ 
Among above mentioned lower extremity abnormalities, we studied LLD, 
genu varum and valgum, excessive foot pronation and arch index. 
2.4.3.1. Leg length discrepancy (LLD) 
Leg length discrepancy (LLD) or anisomelia is one of the abnormal biomechanics 
of leg. LLD is defined as a condition in which paired legs are noticeably 
unequal.LLD is a relatively common problem found in as many as 40 to 70% of the 
population.⁶⁸ LLD can be subdivided into two etiological groups: a structural LLD 
(SLLD) defined as those associated with a shortening of bony structures, and a 
functional LLD (FLLD) defined as those that are a result of altered mechanics of 
the lower extremities.⁶⁷ Gurney expressed that the degree of LLD that is clinically 
significant remains controversial. Some investigators have tried to quantify a 
significant LLD, accepting as much as 20-30 mm, while others define a significant 
discrepancy in terms of functional outcomes. ⁶⁸ 
Beattie et al. (1990) stated that LLD are thought to contribute to the 
occurrence or severity of many clinical syndromes. Among these conditions are 
low back pain, sacroiliac pain and a variety of running injuries. ⁶⁹ 
Several authors have found that LLD created significant changes in gait such 
as increased ground reaction forces, increased energy consumption and 
increased lower extremity kinetic energy (Behave et al., 1999; Gurney et al., 
2001). ⁷⁰’⁷¹  
LLD may be a source of injury in runners and should be suspected if there is 
asymmetrical weight bearing, hip external rotation, knee flexion, and pronation in 
standing (Plastaras et al., 2005).⁶⁰ 
Messier et al. (1991) indicated that no anthropometric variables discriminate 
between the runners with PFPS and non-injured control group of runners. Both 
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groups had mean LLD that ranged from 0.02 to 0.18 cm and similar ankle and 
knee flexibility.⁷² 
Reid (1993) stated that among all alignment measurements found in the 
literatures, only LLD is consistently found to be a significant factor in the etiology of 
PFPS.⁷³ 
Witvrouw et al. (1999) studied anthropometric variables, lower leg alignment 
characteristics, muscle length and strength in 282 students in a two-year 
prospective study. During this 2-year follow-up study, 24 of the 282 students 
developed PFPS. Statistical analysis revealed that no significant differences in 
LLD between the students with and without PFPS.¹⁵ 
Duffey et al. (2000) examined the differences between a non-injured cohort of 
runners and runners afflicted with anterior knee pain. Their results showed no 
difference in LLD between the groups. They suggested that a moderate LLD  
(≤0.5 cm) is normal and under most conditions is not a contributing factor in 
overuse injuries in runners.⁷⁴ 
2.4.3.2. Varus and valgus knee deformity 
Genu varum and genu valgum are the other anatomic factors which have been 
hypothesized to be associated with increased risk of injury among athletes. ⁷⁵ 
Valgus at the knee may increase the Q angle, as the patella would be 
displaced medially with respect to the anterior superior iliac spine (ASIS). In 
comparison, varus position of the knee could decrease the Q angle, as the patella 
would be brought more in the line with the ASIS. Knee valgus may be result of 
femoral adduction (relative to the pelvis), tibial abduction (relative to the femur), or 
the combination of both (Christopher and Powers, 2003).⁶⁷ 
Milgorm and et al. (19991) in a prospective study of 390 infantry recruits 
revealed that increased medial tibial intercondylar distance had a statistically 
significant correlation with the incidence of PFPS caused by overactivity.⁷⁶ 
Doucette and Goble (1992) stated that malalignment of lower extremity 
including increased Q-angle, genu valgum and excessive foot pronation increase 
the tendency of the patella to displace laterally.⁷⁷ 
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Cowan et al. (1996) showed that genu valgum, excessive Q-angle and genu 
recurvatum are anatomic risk factors for overuse injuries associated with vigorous 
physical training. ⁷⁸ 
Lun et al. (2003) determined if measurements of static lower limb alignment 
are related to lower limb injury in recreational runners. Their results showed 
significant difference when runners with PFPS were compared with non-injured 
runners in right ankle dorsiflexion, right knee genu varum and left forefoot varus.⁷⁹ 
In a case report in a patient with PFPS was not observed genu varus or 
valgum (Cibulka and Threlkeld-Watkins, 2005).⁸⁰ 
Waryasz and McDermott (2008) in a review article stated that the 
characteristics of genu varum and genu valgum have not been found to contribute 
to PFPS.¹⁴ 
2.4.3.3.  Excessive foot pronation 
Altered foot biomechanics, such as excessive, prolonged or pronation alter the 
tibial rotation at varying times through range, thus having an effect on 
patellofemoral joint mechanics.² 
Excessive foot pronation is a risk factor contributing to alterations in lower-
extremity kinematics and musculoskeletal injury (Bonci, 1999) ⁸¹ and a cause for 
overuse running injuries (Messier and Pittala, 1988).⁸² 
Eng and Pierrynowski (1989) suggested that excessive foot pronation during 
the stance phase can alter the normal rotation of the tibia in the frontal and 
transverse planes as a result of anatomical congruency of the talus within the 
ankle mortise. In turn, aberrant tibial rotation can disrupt the normal patellofemoral 
relationship.⁸³ 
Messier et al. (1991) found no significant differences in maximum pronation, 
maximum pronation velocity and total rearfoot movement in 36 runners evaluated 
with and without PFPS. They stated that rearfoot movement variables were not 
significant etiologic factor in the development of PFPS.⁷² 
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Powers and colleagues (2002) performed 3-dimensional motion analysis during 
self-selected free and fast-walking velocities on 24 females with PFPS and 17 
controls, and found no group differences with respect to the magnitude and timing 
of peak foot pronation and tibial rotation.⁸⁴ 
Cheung et al. (2006) stated that it has been suggested that the rearfoot 
movement at touch down was much larger in forefoot runners, it is therefore 
speculated that forefoot runners are at higher risk of overuse injuries because of 
their larger foot pronation movements.⁸⁵ 
Hetsroni et al. (2006) found no consistent association between the incidence 
of anterior knee pain and any of parameters of foot pronation. However; a 
statistically significant association was found between anterior knee pain and 
pronation velocity. They concluded that their study does not support the 
hypothesis that anterior knee pain is related to excessive foot pronation.⁸⁶ 
The relationship between the standing foot posture and PFPS was 
investigated in a population of novice recreational runners. The results indicated 
no significant evidence between an excessively pronated or supinated foot posture 
and PFPS (Thijs et al., 2008).⁸⁷ 
2.4.3.4. Arch index 
Messier and et al. (1991) presented that runners with and without PFPS had 
normal arched foot.⁷² 
Kaufman et al. (1999) in considering of relationship between foot structure and 
the development of musculoskeletal overuse injuries established no statistically 
significant relationship between foot structure and PFPS.⁸⁸ 
Witvrouw et al. (1999) indicated that there was no significant difference in the 
division of foot type between students with and without PFPS.¹⁵ 
Duffey et al. (2000) showed that the anterior knee pain group had a 
significantly higher arch index, suggesting a more cavus and rigid foot that is less 
able to absorb shock.⁷⁴ 
Esterman and Pilotto(2005) considered correlation of foot shape with injuries 
such as stress fracture, periostitis, iliotibial band syndrome and PFPS in 230 Air 
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Force recruits. Their results showed no correlation between foot shape and 
injuries. However, the flat feet group had significantly poorer subjective physical 
health than did the normal feet group.⁸⁹ 
Pes cavus (high arch) and pes planus (flat feet) have not been found to 
contribute to PFPS (Waryasz et al., 2008).¹⁴ 
2.4.4. Limited flexibility and range of motion 
2.4.4.1. Range of motion (ROM) 
Van Mechelen et al. (1992) investigated a group of runners with lower extremity 
injuries and compared them with controls with respect to range of motion (ROM) of 
the hip and ankle joints. They found that injured group had more restricted ROM at 
the hip joint, but ROM at the ankle joint showed no statistically significant 
differences.⁹⁰ 
Messier et al. (1991) suggested that anthropometric variables including limb 
length, arch indices and ankle and knee ROM were not significant discriminator 
between the group with PFPS and the control group.⁷² 
Thomee et al. (1995) showed that subjects with PFPS did not differ in lower 
extremity alignment, patellar alignment and lower extremity ROM measurements 
when compared with control group. In addition, patients had no differences in 
lower extremity alignment and ROM between their right and left side.⁹¹ 
According to female runners sustained certain lower extremity injuries more 
than male, Ferber et al. (2003) considered differences in hip and knee kinematics 
and kinetics in women and men recreational runners during running. They found 
that female demonstrated a significantly greater peak hip adduction and hip 
internal rotation.⁹² 
Cibulka and Threlkeld-Watkins (2005) in a case report of the patient with pain 
in the right knee showed that active ROM of the right knee was full, with 0-140 
degrees of knee motion.⁸⁰ 
In a study about differences in lower extremity mechanics during single-legged 
jumps, pain, exertion, hip and trunk strength, and 3-dimensional lower extremity 
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joint mechanics were recorded at the beginning and end of the protocol. The 
results showed that women with PFPS demonstrated increased hip adduction 
angle, hip flexion angle, hip abduction angular impulse, and decreased hip internal 
rotation angles throughout the exertion protocol. Both groups demonstrated 
decreased jump height, hip flexion and internal rotation, knee flexion, and hip 
extension impulse at the end of the protocol (Willson and Davis, 2008).⁹³ 
2.4.4.2. Muscle flexibility 
Muscular inflexibility is a leading contributor to injury. Inflexibility of the quadriceps, 
hamstrings, or ITB may restrict range of motion around the knee and are likely to 
increase the forces on the knee.⁶⁴ 
McConnel (2002) suggested that a decrease in the flexibility of the soft-tissue 
structures that surround the patella, such as lateral retinaculum, TFL, hamstring, 
gastrocnemius and rectus femoris, is a significant contributing factor in the etiology 
of PFPS, as it adversely affects the tracking of the patella.² 
Smith et al. (1991) investigated the relationship between thigh muscle 
flexibility and anterior knee pain in skaters. They showed that skaters with knee 
pain had tighter quadriceps muscles than those without pain. Poor hamstring 
flexibility was correlated with PFPS.⁹⁴ 
Puniello (1993) presented that TFL/ITB complex tightness may contribute to 
the development of PFPS.¹² 
Fredericson et al. (2006) in a review article stated that literatures supports the 
concept that tight quadriceps muscles create high patellofemoral stress during 
sports or the activities of daily living, thus potentiating PFPS.²⁸ 
Piva et al. (2005) investigated soft tissue length between patients with PFPS 
and control group. The results showed that patients demonstrated significantly 
less flexibility of the gastrocnemius, soleus, quadriceps, and hamstrings compared 
to healthy control group. No differences existed in flexibility of the ITL/TFL complex 
and strength of the hip external rotators and abductors. ⁹⁵ 
White et al. (2009) studies hamstring length in the patients with PFPS and 
control group. They found that patients had shorter hamstring muscles than 
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asymptomatic controls. They stated that it is not clear whether this is a cause or 
effect of the condition.⁹⁶ 
In a case report of the patient with 8 month history of anterior right knee pain 
were used Thomas and Ober tests for measuring flexibility of hip flexors and ITB. 
The results showed no difference between the left and right rectus femoris 
muscles, iliotibial band, or hip flexor muscles (Cibulka and Threlkeld-Watkins, 
2005).⁸⁰ 
2.5. Treatment  
 Although PFPS represent a common problem, there is no consensus regarding 
the optimal management of this condition, perhaps in part because of the various 
sources of pain that may contribute to the disorder. This could explain why there 
are so many treatment protocols described in the literature. The rehabilitation 
program must match the specific deficits of each patient while emphasizing the 
reduction of pain and inflammation.⁶⁶ 
Normal patellofemoral function requires balanced postural and phasic muscle 
activity, as well as full joint mobility of the related bony articulations of the lower 
extremity and pelvis (Green, 2003).³ The aims of treatment for PFPS are to 
optimize the patellar position and to improve the lower limb mechanics. ⁷ An 
optimal patellar position is achieved by stretching the tight lateral structures and by 
changing the activation pattern of the VMO (McConnel, 1996).⁷ 
Many PFPS patients respond well if conservative treatment focuses on 
controlling inflammation, releasing tight lateral structures, quadriceps 
strengthening, and avoidance of harmful activities (Maurer et al., 1995).⁹⁷ 
Souza and Gross (1991) suggested that isotonic quadriceps femoris muscle 
exercise may elicit more favorable muscle activation patterns than isometric 
exercise for patients with PFPS.³⁰ 
Eng and Pierrynowski (1993) showed that in addition to an exercise program, 
the use of soft foot orthotics is an effective means of treatment for the patient with 
PFPS.⁹⁸ 
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Cerny (1995) stated that neither exercises purported to selectively activate VMO 
activity nor patellar taping improves the VMO/VL ratio over similar exercises. 
Although subjects reported that patellar taping decreased pain 94% during the 
step-down exercise.⁹⁹ 
Tang et al. (2001) evaluated the EMG of VMO and VL muscles in open and 
closed kinetic chain exercises in subjects with PFPS and healthy volunteers. They 
found the VMO/ VL ratios of PFPS subjects were significantly lower than those of 
unimpaired subjects during knee isokinetic closed chain exercises. However, there 
was no statistical difference in VMO/ VL ratio between subjects with and without 
PFPS during closed kinetic chain exercises. Maximum VMO/ VL ratio was 
obtained at 60° knee flexion in closed kinetic chain exercise. They included in 
closed kinetic chain exercises, more selective VMO activation can be obtained at 
60° knee flexion.¹⁰⁰ 
In considering the effect of physical therapy on alleviation of PFPS, Crossly et 
al. (2002) studied a standardized treatment program consisting of six treatment 
sessions, once weekly. Physical therapy included quadriceps muscle retraining, 
patellofemoral joint mobilization, patellar taping, and daily home exercise. This 
group was compared with a group who used placebo treatment. The placebo 
treatment consisted of sham ultrasound, light application of a non-therapeutic gel, 
and placebo taping. The results indicated that physical therapy group 
demonstrated significantly greater reduction in the scored for average pain, worst 
pain, and disability than did the placebo group.¹⁰¹ 
Cowan et al. (2002) showed that after physical therapy, the onset of VMO 
preceded VL in the eccentric phase and occurred at the same time in the 
concentric phase of the stair-stepping task. There was no change in time of EMG 
onset in the control and placebo groups.¹⁰²  
Mascal et al. (2003) considered a 14-week period treatment with focusing on 
endurance training of the hip, pelvis, and trunk musculature in two patients with 
PFPS. They found that both patients experienced a significant reduction in PFPS, 
improved lower-extremity kinematics during dynamic test, and were able to return 
to their original levels of function.¹⁰³ 
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Post (2005) in a review article concluded that evaluation and treatment should 
include lower extremity flexibility, muscular control, and careful evaluation of 
tender structures.¹⁰⁴ 
C.N.Sacco et al. (2006) showed higher efficiency of the VM muscle in carrying 
out eccentric exercises and increased muscle activity in both the VM and VL 
muscles while climbing stairs after physical therapy treatment. ¹⁰⁵ 
In a study about the role of hip muscle function in the treatment of PFPS, was 
indicated that improvements in hip flexion strength combined with increased 
iliotibial band and iliopsoas flexibility were associated with excellent results in 
patients with PFPS (Tyler et al., 2006).⁶¹ 
Cowan et al. (2006) investigated the effect of patellar taping on the amplitude 
of EMG activity of vasti muscles in subjects with and without PFPS. They showed 
that application of medially directed therapeutic tape significantly decreased pain 
in the patients. However, patellar taping did not alter the amplitude of vasti EMG 
when either the PFPS or control participants completed the concentric stair 
stepping task.¹⁰⁶ 
Fagan and Delahunt (2008) in a review article concluded that no randomized 
controlled trails exist to support the use of hip joint strengthening in subjects with 
PFPS. Physiotherapy treatment programs appear to be an efficacious method of 
improving quadriceps muscle imbalance.¹⁰⁷ 
Ng et al. (2008) compared the effects of an 8-week exercise program with and 
without EMG biofeedback on the relative activations of VMO and VL. Twenty-six 
subjects with PFPS were randomly allocated into an “exercise” group (group 1) 
and a “biofeedback + exercise” group (group 2). Both groups performed the same 
exercise program but subjects in group 2 received real time EMG biofeedback 
information on the relative activations of VMO and VL during exercise. The results 
revealed that the incorporation of an EMG biofeedback into a physiotherapy 
exercise program could facilitate the activation of VMO muscle such that the 
muscle could be preferentially recruited during daily activities. ¹⁰⁸ 
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Due to the effect of Tai chi training in reducing the load in lower limb joints, 
particularly knee joint and special attention to postural alignment, in the present 
study, Tai chi training and its effects on knee disorders was studied. 
2.6. Tai chi  
2.6.1. Definition 
Tai chi (TC) is the popular abbreviation for T’ai Chi Chuan (TCC) and is translated 
as “The Supreme Ultimate Boxing System”. TC began as a martial art form.¹⁰⁹ It is 
an ancient form of a traditional Chinese physical exercise that has been practiced 
for self-defense and health promotion.¹¹⁰ Tai chi is a mind-body exercise and 
combines deep diaphragmatic breathing and relaxation with many fundamental 
postures that flow imperceptibly and smoothly from one to the other through slow, 
gentle, graceful movements.¹¹¹’¹¹² TC is a popular form of exercise in China among 
older adults.¹¹³ 
TC consists of slow and continuous movements that incorporate elements of 
strengthening, balance, postural alignment, relaxation and concentration. ¹¹⁴ 
2.6.2. Benefits of Tai chi (TC) 
TC is considered to be a suitable form of exercise for rehabilitation sporting 
injuries. It promotes integrated improvement in skeletal alignment, tendon function 
and joint flexibility. Because of its low impact loading and low velocity nature and 
emphasis on proprioceptive and internal sense of body position and motion, TC 
helps or reduces the load on the lower limbs joints, particularly in knee and ankle, 
which are often sites of degeneration in the athletes (savio et al., 2007).¹¹⁵ 
TC exercise strengthens the pelvic and leg muscles, loosens the hip joint and 
promotes good balance (Bryant, 2003). ¹¹⁶ 
Van Deusen and Harlowe (1987) conducted randomized controlled trails in 
which participants with rheumatoid arthritis were included in a therapeutic dance 
program that combined elements of TC with occupational therapy. They compared 
this intervention with wait-listed participants. They found that lower extremity ROM 
was significantly greater in the active intervention group at week 8.¹¹⁷ 
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The health-related fitness of geriatric TC practitioners was evaluated by Lan  
et al. (1996). They found that the TC group showed higher oxygen uptake at the 
ventilatory threshold. In addition, the TC practitioners were characterized by 
greater trunk flexibility and lower percentage of body fat in comparison with their 
sedentary counterparts.¹¹⁸ 
Lan et al. (1998) indicated that a 12-month TC program is effective on 
increasing in thoracic/ lumbar flexibility, increasing in muscle strength of knee 
extensor, increasing of knee flexors in older individuals.¹¹⁹ 
Therapeutic effects of a short-term TC exercise program for the elderly were 
evaluated in a pretest-posttest quasi-experimental design. Findings included 
significant improvement in trait anxiety and pain perception. Improvements in 
mood, flexibility, and balance may have a profound effect on the incidence of falls, 
injuries, resulting disability, and overall quality of life (Ross et al., 1999). ¹²⁰ 
Hong et al. (2000) suggested that long term regular TC exercise has favorable 
effects on the promotion of balance control, flexibility, and cardiovascular fitness in 
older adults.¹²¹  
TC puts a great emphasis on the exact joint position and direction. Therefore, 
the repeated practice of TC might be expected to develop a heightened sense of 
the position of the joints. Therefore, Tsang et al. (2003) studied whether elderly TC 
practitioners have developed better joint propriception and standing balance 
control than control subjects. They found that long-term TC practitioners had 
improved knee joint propriception and expanded their limits of stability during 
weight shifting in stance.¹¹² 
XU et al. (2004) compared improvement ankle and knee proprioception and 
kinaesthesis in three groups; elderly long term TC practitioners, elderly long term 
swimmers/runners and elderly sedentary controls. They found that elderly people 
who regularly practiced TC not only showed better proprioception at the ankle and 
knee joints than sedentary controls, but also better ankle kinaesthesis than 
swimmers/runners. They concluded that the large benefits of TC exercise on 
propriception may result in the maintenance of balance control in older people.¹²² 
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In a cross-sectional study, knee muscle strength, body sway in perturbed single-
leg stance, and balance confidence was compared between older TC practitioners 
and healthy older adults. The results demonstrated that long-term TC practitioners 
had better muscle strength, less body sway and greater balance confidence 
(Tsang et al., 2005).¹²³ 
Taylor-Piliae et al. (2006) showed statistically significant improvements in all 
balance, muscular strength and endurance, and flexibility measures after 6 weeks, 
and they increased further after 12 weeks.¹¹³ 
2.6.3. Tai chi and knee disorders 
To my knowledge, there is no study to indicate the effect of TC on the alleviation of 
PFPS. However, some researchers studied the effect of TC in the patients with 
knee osteoarthritis. 
Macfarlane et al. (2005) suggested that TC training in older women improved 
knee extension strength and hamstring flexibility.¹²⁴ 
Fransen et al. (2007) determined whether TC or hydrotherapy classes for 
individuals with chronic symptomatic hip or knee osteosrthritis (OA) result in 
measurable clinical benefits. They demonstrated that after 12 weeks of 
hydrotherapy classes or TC classes for fairly sedentary older individuals, both 
classes can provide large and sustained improvement in physical function in these 
patients.¹¹⁴ 
Brismee et al. (2007) evaluated the effects of TC consisting of group and 
home-based sessions in elderly subjects with knee osteoarthritis. The TC program 
included 6 weeks of group TC sessions, 40 min/ session, three times a week, 
followed by another six weeks ( weeks 7-12) of home-based TC training. Subjects 
were requested to discontinue TC training during a six-week follow-up detraining 
period (weeks 13-18). Subjects in the attention control group attended six weeks 
of health lectures following the same schedule as the group-based TC intervention 
(weeks 0-6), followed by 12 weeks of no activity (weeks 7-18).They found that the 
group and home based TC program provided significant knee pain reduction and 
physical function improvement in elderly subjects with knee osteoarthritis. These 
effects were not sustained after detraining.¹²⁵ 
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Soo Lee et al. (2008) evaluated data from controlled clinical trails testing the 
effectiveness of TC for treating osteoarthritis. They stated that TC may be effective 
for pain control in these patients; however the evidence is not convincing for pain 
reduction or improvement of physical function.¹²⁶ 
A clinical study was conducted to examine the effects of TC on gait 
kinematics, physical function, and pain in 40 elderly people with knee 
osteoarthritis. After 6 weeks of instructed TC training (1 hour per sessions,  
2 sessions per week), results showed that stride length, stride frequency and 
consequently gait speed were increased in the participants. Besides, participant’s 
physical function was significantly improved and knee pain was also significantly 
decreased.¹²⁷ 
2.7. Overall view of Theoretical aspects 
Patellofemoral pain syndrome (PFPS) is a term for a variety of pathologies or 
anatomical abnormalities leading to a type of anterior knee pain and is the most 
common knee complaint found with adolescents and young adult runners. 
Despite the high prevalence of PFPS, its etiology is not well understood. The most 
commonly accepted hypothesis is abnormal lateral tracking of the patella.   
According to previous studies some risk factors have been suggested: 
1. The mechanism of abnormal lateral tracking of the patella is an imbalance 
in the activity of the VMO muscle relative to the VL. Some studies indicated 
significant differences in delayed onset and lower amplitude of activation of 
the VMO related to VL in PFPS subjects. However, some else authors 
found no differences in onset and amplitude activation of VMO related to 
VL. Despite the fact that ITB/ TFL complex is also a lateral stabilizers of 
patella, no study has yet considered the EMG of TFL. Only some authors 
showed that tightness of ITB or TFL may cause PFPS. 
2. A few studies investigated the relationship between the degree of lumbar 
lordosis and PFPS. They showed that increased or decreased lumbar 
lordosis may contribute with PFPS. 
3. Most of the studies showed that anterior pelvic tilt causes PFPS. 
28    Theoretical aspects 
4. Some studies suggested that lower-extremity malalignment associated with 
PFPS. However, others believed that lower-extremity alignment is not a risk 
factor of PFPS. 
5. Authors showed that inflexibility of the quadriceps, hamstrings, or ITB 
increase the forces on the knee and cause PFPS. 
6. Subjects with PFPS did not differ in lower extremity ROM compared with 
control group. 
According to the various sources of pain that may contribute to the disorder, there 
is no consensus regarding the optimal management of this condition. 
The aims of treatment for PFPS are to optimize the patellar position and to 
improve the lower limb mechanics. Some suggestions for treatment involved: 
Quadriceps muscle strengthen, flexibility of hamstring and TFL, patellar taping, 
physical therapy, endurance training of the hip, pelvis, and trunk musculature, hip 
flexion strength combined with increased iliotibial band and iliopsoas flexibility, 
exercise program with EMG biofeedback on the relative activations of the  
VMO and VL. 
Based on the effect of Tai chi (TC) training on reducing the load in lower limb 
joints, TC training and its effects on knee disorders was studied. 
Tai chi is a mind-body exercise and combines deep diaphragmatic breathing 
and relaxation with many fundamental postures. Benefits of TC include: 
1. Improvement in skeletal alignment, tendon function and joint flexibility 
2. Strengthen the pelvic and leg muscles, loosen the hip joint and promote 
good balance 
3. increasing thoracic/ lumbar flexibility 
4. Improvement in health and cardiovascular fitness 
5. Improvement in mood and reduction of anxiety 
6. Improvement of knee proprioception and kinaesthesis 
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To my knowledge, no study considered the effect of TC training on PFPS. 
However, some studies showed that TC reduces pain, improves physical function, 
increases stride length, stride frequency and consequently gait speed in elderly 
subjects with knee osteoarthritis. 
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3.  Methodology 
 
 
 
 
3.1. Study design 
The present study was done with three groups: a group of patients, a control group 
and a TC group. Each person was tested for electrical activity of the muscles  
(see 3.2) and diagnostically relevant risk factors (see 3.3-5). Due to the fact that 
some subjects didn’t agree to take part in the EMG measurement, the group sizes 
differ between the EMG measurement and the other tests. 
3.2. Recording of electrical activity of lateral and medial stabilizer 
muscles of patella 
3.2.1. Subjects 
Subjects volunteered to participate in this study and were placed in an 
experimental group (N=9) or a control group (N=11) based on the presence of 
symptoms of PFPS with no evidence of any other specific pathologic condition and 
a Tai chi (TC) group (N=11). The patients with PFPS and control group were 
athletes who were active in sports such as running, football, basketball, and 
handball, at least more than 10 years. The TC group was individuals who were 
active in TC training more than 5 years. 
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The control group was composed of 4 women and 7 men with a mean age of 
25.1 ± 3.2 years and BMI 22.2 ± 2.7. They were healthy and athletic, and reported 
no history of knee injury. 
 The experimental group consisted of 3 women and 6 men with a mean age 
of 26.3 ± 2.6 years and BMI 23.6 ± 2.5, who had history of PFPS with duration of 
symptoms more than 6 months and intensity sufficient to limit function or cause the 
individual to seek intervention. These symptoms consisted of retropatellar pain 
during physical activities such as jumping, running, squatting, and going up or 
down stairs. Clinical criteria include pain on direct compression of the patella 
against the femoral condyles with the knee in full extension, tenderness of the 
posterior surface of the patella on palpation, pain on resisted knee extension and 
pain with isometric quadriceps muscle contraction against suprapatellar resistance 
with the knee in 15° of flexion. Participants were excluded if they had signs or 
symptoms of meniscal injury, pre-patellar bursitis, ligament laxity or tenderness, 
tenderness over the patellar tendon, illiotibial band syndrome, or pes anserinus 
tendonitis, patellar apprehension sign, patellar dislocation and previous knee 
surgery. The subjects did not have pain at rest, and did not have pain during a 
submaximal isometric contraction of knee flexion. 
The TC group included of 7 women and 4 men with a mean age of  
43.6 ± 9.7 years and BMI 24.34 ± 3.77. They were healthy and reported no history 
of knee injuries. 
3.2.2.  Instrumentation and procedures 
Before beginning the study, every subject signed an informed consent document. 
Active biopolar Ag/AgCl surface electrodes (pre- amplification gain= 10, recording 
diameter, 1 mm; center-to-center distance, 20 mm) were used.  
The electrodes location was estimated by the following method:  ¹²⁸’¹²⁹  
(Figure 1) 
Vastus Lateralis: Two anatomical landmarks (the anterior superior iliac spine 
(ASIS) and the superior lateral side of the patella (SLSP)) were determined. 
Electrodes were placed at 2/3 on the line from the ASIS to the SLSP in the 
direction of the muscle fibers. 
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Vastus medialis obliquus: Two anatomical landmarks (ASIS and the superior 
medial side of the patella (SMSP)) were determined. A quadriceps line was drawn 
from the ASIS to the SMSP. Electrodes were placed at 80% of the quadriceps line 
(starting from ASIS) with a medial inclination of 50°. 
Tensor fascia lata: Two anatomical landmarks (ASIS and greater trochanter 
(GT)) were determined. A line was drawn from the ASIS to the GT. Electrodes 
were placed at 50% of this line with an inclination of 30°. 
 
 
A                                               B                                           C 
 
Figure 1. Schematic drawing of proper electrode positioning over the Tensor 
fascia lata (A), Vastus lateralis (B), and Vastus medialis obliquus(C) muscles. 
 
The subject’s skin was prepared by shaving, then used abrasive paste for gentle 
local abrasion and cleaned with isopropyle alcohol. The long axis of the electrodes 
was positioned over each muscle in the assumed direction of the underlying 
muscle fibers. The resistance between the electrode pair was also measured by 
an EMG electrode impedance tester. 
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The protocol prescribed submaximal isometric contractions with 60% of maximal 
voluntary contraction (MVC) for the knee extension. A device was designed for 
displaying the exact degree of knee extension. We named it angle meter (Figure 
2). Subjects warmed up on a treadmill for 5 minutes. Each subject was seated on 
the chair. The hip-trunk angle was approximately 100°.The angle meter was 
positioned so that knee flexion angle was 90° and the estimated center of knee 
joint rotation was on a level with the angle meter’s axis of rotation. The subjects 
put their foot on the pedal of the angle meter. By moving the pedal upwards, the 
knee was extended and when the angle meter displayed 45°, the subjects had to 
maintain the position for 6 seconds (Figure 3). Afterward, they contracted 
isometrically again at 30° and 15° maintaining the contraction for  
6 seconds at each stage. The test was repeated 3 times. A rest of 1 min was given 
between tests. The mean of the three measurements were used for analysis. 
EMG raw signals were recorded by using a Noraxon Inc., Scottsdale, AZ, USA 
EMG system. Signals were amplified differentially (total gain= 1000; CMRR> 
130db). A band-pass Butterworth filter with cut-off frequencies ranging from 15 to 
500 HZ was applied. The transmitted signals were sampled at 1 kHz, input to an 
analog-to digital circuit (Data translation Inc., Marlboro. MA. USA. 16-bit 
resolution), and were stored. All signals processing was supported by the Noraxon 
MyoResearch XP software. 
The activation signals of the VMO, VL and TFL were full-wave rectified 
through root mean square (RMS). Amplitude was analyzed by calculating IEMG in 
a window of 6 seconds and normalized by the mean value calculated within this 
time-window. Signals were also time normalized from 0-100% over these six 
seconds. 
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Figure 2. Engle meter 
 
 
Figure 3. Recording of EMG of muscles in different angles 
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3.3. Measuring angles of lumbar lordosis and pelvic tilt 
3.3.1. Subjects 
23 healthy subjects (7 women, 16 men) with a mean age of 25.2 ± 3.2 years and 
BMI 22.80 ± 2.8, and 15 patients with PFPS (3 women, 12 men) with a mean age 
of 25.0 ± 4.3 years and BMI 24.19 ± 2.37, and 12 TC subjects (7 women and 5 
men) with a mean age of 42.6 ± 10 and BMI 24.26 ± 3.61 took part in this study. 
3.3.2. Instrumentation and procedures 
The inclinometer technique described by Mayer¹³⁰ was adopted for measuring 
angles of lumbar lordosis and pelvic tilt. Gravity inclinometer with 2 bases was 
used in this study (Figure 4). Ng et al. (2001) stated that use of the inclinometer 
technique to record lumbar lordosis is a reliable measure. ¹³¹ 
Surface bony landmarks were found with the participant in the forward bending 
position and L5 was located by palpating intervening vertebrae from S2, which is 
at the level of posterior superior iliac spine (PSIS), and by checking to make sure 
that the iliac crest was aligned at approximately L4-L5. In the same manner, T12 
was found by palpating intervening vertebrae up from S2. The T12-L1 and L5-S1 
interspinous spaces were marked on the skin .⁸¹’¹³² 
3.3.3. Lumbar lordosis 
The participant was asked to stand in a relaxed posture with the heels about 
shoulder width apart, hands hanging freely by the side and eyes looking forward. 
The lumbar lordosis was measured with inclinometer recordings at T12-L1 and 
L5-S1 (Figure 5). The output of the inclinometer indicated the angles θ₁ (the angle 
between L5 and S1) and θ₂ (the angle between T12 and L1) and the lumbar 
curvature C was calculated by C= (θ₁+ θ₂) as described by Adams ¹³³ (Figure 6). 
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Figure 4. Gravity inclinometer 
 
 
Figure 5. Measurement of lumbar lordosis 
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Figure 6. The lumbar curvature C is calculated from the angles θ₁ and θ₂ 
measured by using the gravity inclinometer. 
3.3.4. Pelvic tilt 
Pelvic inclination was measured with an inclinometer. Walker et al. showed  a high 
degree of reliability of this method.¹³⁴ Each subject stood with their bare feet and 
was asked to assume a comfortable, erect posture with their body weight evenly 
distributed between both feet. The examiner palpated the right anterior superior 
iliac spine (ASIS) and PSIS and placed the tips of the inclinometer on those 
landmarks. Pelvic tilt was measured in degrees. A positive value represented an 
anterior tilt and a negative value represented a posterior tilt. Measures were then 
taken on the left side.¹³⁵ 
3.4. Measuring of lower-extremity alignment  
3.4.1. Leg length discrepancy (LLD) 
Supine-long sitting test was used for measuring LLD. The patient lies supine while 
the therapist places her/his thumbs on the inferior borders of the medial malleoli to 
outline the position of the malleoli. The two malleoli are approximated to facilitate 
comparisons of their positions. The patient then sits up; he can use his hands if 
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necessary but must push evenly with each hand to avoid shifting the pelvis. The 
therapist notes any change in relationship of the malleoli. One leg appearing to 
lengthen in relationship to the other when the patient moves from supine to sitting, 
indicates posterior innominate rotation on that side. Conversely, one leg appearing 
to shorten in relationship to the other indicates an anterior innominate rotation on 
that side. One leg remaining consistently shorter or longer in relationship to the 
other indicates an anatomical leg-length difference.¹³⁶  
The standing  flexion test, prone knee flexion test and sitting PSIS test were also 
done. According to Cibulka et al.¹³⁷ performing all these tests together has a high 
reliability. 
 
3.4.2. Genu varum and genu valgum 
The medial tibial intercondylar distance was measured as follows. The subject was 
instructed to stand naturally, with their legs together. Depending on the alignment 
of the knees, either the medial malleoli or the knees touched. For the subjects in 
whom the malleoli touched (genu varum), the distance between the medial 
condyles of the tibias was measured to the nearest centimeter. If the knees 
touched (genu valgum), the distance between the medial malleoli was measured 
to the nearest centimeter. If the distance between medial condyles of the tibias 
and the medial malleoli were both less than 1 cm, the knees were evaluated as 
normal.¹⁵’⁷⁶ 
3.4.3. Excessive foot pronation 
Rearfoot-to-leg orientation was used for evaluation of foot pronation. The subject 
was instructed to stand naturally, with the feet shoulder width apart. The angle 
between a longitude line bisecting the rearfoot (calcaneus) with the bisecting line 
of distal one-third of the lower leg was measured. The neutral posture was 
assumed 0°. A negative value of this angle represented pronation, whereas a 
positive value represented supination, ¹³⁸ (Figure 7). 
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Figure 7. Rearfoot-to-leg orientation 
 
3.4.4. Arch index 
The study of the plantar stance usually consists of the morphologic evaluation of 
the footprint. The footprint index is defined as the ratio of the non-contact to the 
contact areas of the toeless footprint. The non-contact area is the part between the 
medial borderline of the footprint and the medial footprint outline. The contact area 
is the area of the footprint without the toes.¹³⁹ 
A footprint can be defined as normal, when the print of the foot’s isthmus, 
which is the middle part of the foot touching the ground along its lateral edge, is 
1/3 of the forefoot’s print. In a footprint of a flatfoot the isthmus is more than 1/3 of 
the forefoot’s print, and in a footprint of a claw foot the isthmus is smaller than 1/3 
of the forefoot’s print, (Figure 8).¹⁴⁰ 
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Figure 8. Footprint 
 
3.5. Measuring of range of motion of knee and hip 
A bi-armed goniometer was used to measure Knee and hip ROM. According to 
Miller measuring ROM of joints by using a goiniometer is a valid method compared 
to X- ray measurements.¹⁴¹ Active ROM of knee and hip was measured with the 
subject in three different positions and compared with normal range.¹⁴² 
3.5.1. Knee 
Knee flexion was performed in the supine position. The fulcrum was aligned with 
the lateral epicondyle of the femur. The stationary arm was in line with the greater 
trochanter and midline of the femur, the moving arm with the lateral malleolus and 
midline of the fibula. Subject flexed the hip and knee, with the foot on the table. 
The opposite leg was kept extended on the table (Figure 9). Knee flexion ROM 
was measured and compared with normal range (120°-150°). 
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Knee extension was completed in the same position when knee and hip joints 
were straightened. The goniometer positioning for knee extension was the same 
as it is for knee flexion. Extension ROM was measured and compared with normal 
range (5°-10°). 
 
 
 
                  
Figure 9. Measurement of knee flexion 
 
 
 
 
42    Methodology 
3.5.2. Hip 
Hip flexion was performed in the supine position. The fulcrum was aligned with the 
greater trochanter of the femur. The stationary arm was positioned along the 
lateral midline of the abdomen, using the pelvis for reference, the moving arm 
along the lateral midline of the femur. 
 Subject flexed knee on the measured side and extended the opposite leg and 
rested on the examining table. The hip joint being examined was bended while 
pelvis was stabilized to prevent rotation or posterior tilting (Figure 10). Flexion 
ROM was measured and compared with normal range (130°-140°). 
 
 
 
Figure 10.Measurement of hip flexion 
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Hip extension was done with the subjects in lateral position and the knee on the 
measured side extended. Subjects fixed the opposite hip joint in maximal flexion. 
The leg being examined was then extended under the examiner’s guidance while 
the pelvis was stabilized to prevent rotation or anterior tilting (Figure 11). 
Goniometer positioning was the same as for hip flexion. Hip extension ROM of 
each subject was compared with normal range (10°-30°). 
 
 
 
 
 
Figure 11. Measurement of hip extension 
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Hip abduction was performed in the supine position. Fulcrum was placed in line 
with the ASIS. The moving arm of the goniometer was aligned with the midline of 
the patella, the stationary arm with the ASIS of the opposite side. 
The knee on the measured side was kept straight, and the examiner 
supported the weight of the leg as the subject moved it out to the side (Figure 12).  
Hip abduction was measured and compared with normal range (30°-50°).                                         
 
 
 
 
Figure 12. Measurement of hip abduction 
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Hip adduction was done in the same position with abduction. The goniometer 
positioning was the same as for abduction, fulcrum at the ASIS, moving arm 
aligned with the midline of the patella, and the stationary arm with the ASIS of the 
opposite side.   
When measuring adduction, the opposite hip joint must be slightly flexed. 
Subject moved his leg being examined to inside (Figure 13). Adduction ROM was 
measured and compared with normal range (20°-30°). 
 
 
Figure 13. Measurement of hip adduction 
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Hip internal was measured in a prone position, with the knee flexed to 90 degree. 
The fulcrum was aligned with the patella and both arms of the goniometer with the 
midline of the tibia.  The lower leg was used as a pointer. During internal rotation, 
the axis of the lower leg pointed outward (Figure 14). Hip internal rotation was 
measured and compared with normal range (30°-40°). 
 
 
 
 
Figure 14. Measurement of hip internal rotation 
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Hip external rotation was measured in the same position and goniometer 
positioning of internal rotation. During external rotation, the axis of the lower leg 
pointed inward (Figure 15). Hip external rotation was measured and compared 
with normal range (40°-50°). 
 
 
 
Figure 15. Measurement of hip external rotation 
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3.6. Examination of flexibility of hip flexors and iliotibial band 
3.6.1. Ober test 
Length of iliotibial band was examined using the Ober test according to the 
procedure described by Reese and Bandy, ¹⁴³ (Figure 16). The intrarater reliability 
of the Ober test has been shown to have an intraclass correlation coefficient of 
0.90.⁶¹ 
The subject was positioned in side lying, with the tested leg superior and the pelvis 
perpendicular to the table. The lower leg was slightly flexed at the hip and knee to 
maintain stability and to restrain body rotation. The subject’s pelvis was stabilized 
with the examiner’s free hand. Examiner passively first, abducted and second 
extended the subject’s hip in line with the trunk. Examiner then asked the subject 
to relax all muscles of the lower extremity while allowing the uppermost limb to 
drop into adduction toward the table through the available hip adduction ROM. As 
the limb dropped toward the table, examiner supported the limb at the medial joint 
in order to lower the limb with greater control. In addition, this support hand 
prevented flexion and internal rotation of the hip. The end position of hip adduction 
was defined as the point at which tilting of the pelvis was palpated, when the hip 
adduction movement stopped, or both. 
Hoppendfeld suggested that when performing the Ober test, if the iliotibial 
band is normal, the thigh should drop to the adducted position, and if contracture 
is present in the iliotibial band, the thigh should remain abducted.¹⁴⁴  
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Figure 16. Ober test 
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3.6.2. Thomas test 
The Thomas test was used to measure hip flexor flexibility.¹⁴⁵ The subject was 
asked to lie supine on the table with the gluteal folds at the edge of the table. The 
contralateral limb was held by the subject in a knee-to-chest position. Subjects 
were instructed to push their low back into the table. The tester then lowered the 
subject’s leg to the point where motion ceased or there was external rotation of the 
femur. At this point, hip flexibility was determined. The ROM was quantified as 
tight if the measurement was above horizontal and loose if below horizontal. 
Horizontal was considered normal hip flexor flexibility, ¹⁴⁶ (Figure 17). 
 
 
 
 
Figure 17. Thomas test 
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3.7. Statistical analyses 
ANOVA with Post Hoc Tukey test was used to compare the activation amplitude of 
the VL, VMO, TFL muscles and their ratios between the patients, control and TC 
groups.  
ANOVA with LSD Post Hoc test was used to compare the angle of lumbar 
lordosis and pelvic tilt between the groups. 
A descriptive analysis was done. Leg deformities in the patients and control 
group were compared by Pearson chi-square and Fisher’s exact tests.  
The one-way ANOVA was used to compare knee and hip ROM and Fisher’s 
exact test was done to compare flexibility of muscles between the groups. 
Statistical analysis was performed with SPSS Version 17.0, and a value of 
0.05 was accepted as reflecting significance. 
 
 
 
 
 
 
 
 
 
 
 
 
 
52    Results 
 
 
 
4. Results 
 
 
 
 
4.1. The electrical activity of the VMO, VL and TFL muscles  
4.1.1. Comparison of the activation amplitude of the VMO 
Significant differences were identified in the activation amplitude of the VMO at 30° 
and 45°angles between the subjects with and without PFPS (P=0.05 and P= 0.03, 
respectively.  According to the ANOVA analysis, VMO electrical activity in the 
subjects with PFPS was significantly greater than that of the subjects without 
PFPS. The mean values of VMO electrical activity in the patients at the angles of 
30° and 45° were 38.9% and 34.6% respectively. However, the mean values of 
VMO electrical activity in the control group were 26.4% at an angle of 30°and  
22.3 % at an angle of 45°. No significant differences were demonstrated in the 
activation amplitude of the VMO at 15° angle between two groups. 
In addition, no significant differences were identified in the activation amplitude 
of the VMO at 15°, 30° and 45°angles between the subjects with and without 
PFPS and Tai chi group (P> 0.05) ), ( Figure 18). The mean values of VMO 
electrical activity in the TC group at above mentioned angles were 69.1%, 38.3% 
and 35.9 %, respectively. The mean values and standard deviations of VMO IEMG 
value have been reported in Table 1. 
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Table 1. The means and standard deviations (%) of normalized VMO IEMG value 
for knee flexion angles in the subjects with and without PFPS and Tai chi group. 
 
Group (n) 
 
Knee Flexion Angle 
        45°                           30°                           15° 
Control (11) 22.3± 11.3             26.4± 11.5                 72.3± 7.3 
Patients (9) 34.6± 12.6             38.9± 15.3                 73.6± 10.5 
Tai chi (11) 35.9± 26.1             38.3± 26.1                 69.1± 16.0 
 
 
 
 
Figure 18. Comparison of VMO electrical activity in the subjects with and without 
PFPS and Tai chi group at 45°, 30° and 15° angles of knee flexion 
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4.1.2. Comparison of the activation amplitude of the VL 
No significant differences were demonstrated in the activation amplitude of the VL 
at 15°, 30° and 45° angles between the patients, control and TC groups (P> 0.05), 
(Figure 19). The VL electrical activity in the subjects with PFPS was higher than 
that of the subjects without PFPS and was lower than that of the TC group at 30° 
and 45° angles of knee flexion. However; these differences were not significant. 
The mean values of VL electrical activity in the patients at the angles of 15°, 30° 
and 45° were 78.0%, 46.1% and 41.3%, respectively. However, the mean values 
of VL electrical activity in the control group at above mentioned angles were 
80.3%, 40.7% and 37.3 %, respectively. 
Furthermore, the mean values of VL electrical activity in the TC group at the 
angles of 15°, 30° and 45° were 71.1%, 46.6% and 44.7%, respectively.  The 
mean values and standard deviations of VL IEMG value have been presented in 
Table 2. 
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Table 2. The means and standard deviations (%) of normalized VL IEMG value for 
knee flexion angles in the subjects with and without PFPS and Tai chi group. 
 
Group (n) 
 
                       Knee Flexion Angle 
    45°                           30°                           15° 
Control (11) 37.3±18.1             40.7± 17.1                 80.3± 8.9 
Patients (9) 41.3±21.4             46.1± 23.2                 78.0± 11.0 
Tai chi (11) 44.7± 23.9             46.6± 23.8                71.1± 13.6 
   
 
 
Figure 19. Comparison of VL electrical activity in the subjects with and without 
PFPS and Tai chi group at 15°, 30° and 45° angles of knee flexion 
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4.1.3. Comparison of the activation amplitude of the TFL 
No significant differences were demonstrated in the activation amplitude of the 
TFL at 15°, 30° and 45° angles between the patients, control and TC groups  
(P> 0.05), (Figure 20). The TFL electrical activity in the subjects with PFPS was 
higher than that of the subjects without PFPS at 15° and 45° angles of knee flexion 
and was higher than that of the TC group at 30° and 45° angles. However; these 
differences were not significant. The mean values of TFL electrical activity in the 
patients at the angles of 15°, 30° and 45° were 71.4%, 41.7% and 33.4%, 
respectively. However, the mean values of TFL electrical activity in the control 
group at above mentioned angles were 66.1%, 45.2% and 32.4 %, respectively  
In addition, the mean values of TFL electrical activity in the TC group at above 
mentioned angles were 72.2%, 41.4% and 30.3 %, respectively. The mean values 
and standard deviations of TFL IEMG value have been showed in Table 3. 
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Table 3. The means and standard deviations (%) of normalized TFL IEMG value 
for knee flexion angles in the subjects with and without PFPS and Tai chi group. 
 
Group (n) 
 
Knee Flexion Angle 
     45°                         30°                           15° 
Control (11) 32.5±16.2             45.2± 19.8                 66.1± 11.3 
Patients (9) 33.5±16.2             41.7± 15.4                 71.4± 8.0 
Tai chi (11) 30.3± 16.3            41.4± 17.2                 72.2± 13.0 
 
 
 
 
Figure 20. Comparison of TFL electrical activity in the subjects with and without 
PFPS and Tai chi group at 15°, 30° and 45° angles of knee flexion 
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4.1.4. Comparison of VMO/ VL ratio 
In the present study, VMO/ VL, VMO/ TFL and VMO/ (TFL+ VL) ratios were 
considered and compared in the subjects with and without PFPS and TC group. 
There were no significant differences in the VMO/ VL ratio at 30° and 15° angles of 
knee flexion between the patients and control group (P> 0.05). However, a non-
significant positive trend was observed at 45° angle of knee flexion (P=0.07). 
Furthermore, there were no significant differences in the VMO/ VL ratio across 
all knee flexion angles between the subjects with and without PFPS and TC group 
(P> 0.05), (Figure 21). The VMO/ VL ratio in the subjects with PFPS was greater 
than that of the control and TC groups at 30° and 45° angles of knee flexion. 
However, this ratio in the patients at 15° angle of knee flexion was greater than 
that of the control group and less than that of the TC group.  The mean values of 
VMO/ VL ratio in the patients, control and Tai chi groups have been reported in 
Table 4.  
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Table 4. The VMO/ VL ratio for knee flexion angles in the subjects with and 
without PFPS and Tai chi group. 
 
Group (n) 
 
Knee Flexion Angle 
    45°                      30°                         15° 
Control (11) 0.67± 0.29         0.68± 0.22             0.90± 0.08 
Patients (9) 1.01 ± 0.51        0.98± 0.46             0.95± 0.12 
Tai chi (11) 0.75± 0.28         0.76± 0.24             0.97± 0.12 
 
 
 
Figure 21. Comparison of VMO/ VL ratio in the subjects with and without PFPS 
and Tai chi group  at 15°, 30° and 45° angles of knee flexion 
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4.1.5. Comparison of VMO/ TFL ratio 
No significant differences were identified in the VMO/ TFL ratio at 45° and 15° 
angles of knee flexion between the subjects with and without PFPS (P> 0.05). 
However, a non-significant positive trend was observed at 30° angle of knee 
flexion (P=0.06).  
No significant differences were demonstrated in the VMO/ TFL ratio across all 
knee flexion angles between the subjects with and without PFPS and Tai chi group 
(P> 0.05), (Figure 22). The VMO/ TFL ratio in the subjects with PFPS was greater 
than that of the control groups at 30° and 45° angles of knee flexion and was 
greater than that of TC group at 15° and 45° angles.  The mean values of  
VMO/ TFL ratio in the patients, control and Tai chi groups have been presented in 
Table 5.  
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Table 5. The VMO/TFL ratio for knee flexion angles in the subjects with and 
without PFPS and Tai chi group. 
 
Group (n) 
 
                     Knee Flexion Angle 
      45°                   30°                    15° 
Control (11) 0.79± 0.41         0.66± 0.33          1.14± 0.31 
Patients (9) 1.48 ± 1.31        0.99± 0.43           1.04± 0.17 
Tai chi (11) 1.44± 1.42         1.05± 0.94           0.98± 0.25 
 
 
 
 
 
Figure 22. Comparison of VMO/ TFL ratio in the subjects with and without PFPS 
and Tai chi group at 15°, 30° and 45° angles of knee flexion 
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4.1.6. Comparison of VMO/ (TFL+ VL) ratio 
There was a significant difference in the VMO/ (TFL+ VL) ratio at 30° of knee 
flexion between the patients and control group (P=0.02). This ratio at 30° of knee 
flexion for the subjects with PFPS (0.46) was significantly greater than for the 
subjects without PFPS (0.31).There was no difference in this ratio at 15° and 
45°angles of knee flexion between the two groups. However, a non-significant 
positive trend was observed at 45° angle (P=0.06). 
No significant differences were found in the VMO/ (TFL+ VL) ratio across all 
knee flexion angles between the subjects with and without PFPS and Tai chi group 
(P> 0.05), (Figure 23). This ratio at all angles for the patients was greater than that 
of the TC group. The mean values and standard deviations of VMO/ (TFL+ VL) 
ratio in the patients, control and Tai chi groups have been shown in Table 6.  
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Table 6. The VMO/ (TFL+ VL) ratio for knee flexion angles in the subjects with and 
without PFPS and Tai chi group. 
 
Group (n) 
 
                            Knee Flexion Angle 
      45°                            30°                        15° 
Control (11) 0.34± 0.13                0.31± 0.11             0.50± 0.07 
Patients (9) 0.48 ± 0.19                0.46± 0.14             0.49± 0.07 
Tai chi (11) 0.46± 0.22                 0.41± 0.19             0.48± 0.08 
  
 
 
 
 
Figure 23. Comparison of VMO/ (TFL+VL) ratio in the subjects with and without 
PFPS and Tai chi group at 15°, 30° and 45° angles of knee flexion 
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4.2. Lumbar lordosis and pelvic tilt 
4.2.1. Lumbar lordosis 
No significant differences were demonstrated in the angle of lumbar lordosis 
between the patients, control and TC group. However, a strong trend was 
observed (P=0.06). According to Post Hoc test, there were significant difference in 
angle of lumbar lordosis between the patients and control group (P=0.03). The 
results showed that the degree of lumbar lordosis in the subjects with PFPS was 
significantly less than that of the subjects without PFPS. 
However, no significant differences were showed in angle of lumbar lordosis in 
the patients and Tai chi group as well as control and Tai chi groups (Figure 24). 
The mean values and standard deviations of angle of lumbar lordosis in the 
patient, control and Tai chi groups have been reported in Table 7. 
 
Figure 24. Comparison of the angle of Lumbar lordosis in the subjects with and 
without PFPS and Tai chi group 
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4.2.2. Pelvic tilt 
There were significant differences in pelvic tilt between patient, control and Tai chi 
groups (P=0.04), (Figure 25). According to Post Hoc test, significant differences 
were showed between the patients and Tai hi group (P=0.04) as well as the 
control and Tai chi groups (P=0.02). The angle of anterior pelvic tilt in Tai chi 
group (3.33°) was significantly less than that of the patients (6.40) and control 
group (6.74). However, there were no significant differences between patients and 
control group (P> 0.05). These results have been summarized in Table 7. 
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Table 7. Comparison of angles of lumbar lordosis and pelvic tilt in the subjects 
with and without PFPS and Tai chi group 
     Group(n) 
Deformities 
Patients (15) Control group 
(23) 
Tai chi group 
(12) 
Lumbar lordosis 18.33°±8.29° 23.83°± 6.36° 20.67°± 5.85° 
Pelvic tilt 6.40° ± 3.78° 6.74° ± 3.99° 3.33°± 3.34° 
 
 
  
Figure 25. Comparison of the angle of pelvic tilt in the subjects with and without 
PFPS and Tai chi group 
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4.3. Malalignment of lower-extremity 
4.3.1. Leg length discrepancy  
Significant differences were identified in LLD between the patients and Tai chi 
group (P=0.04) as well as Tai chi and control groups (P=0.01). However, no 
significant differences were identified in LLD between the subjects with and 
without PFPS (P> 0.05).  
 67% of the patients and 70% of the control group had LLD; however in the Tai 
chi group only 25% had LLD (Figure 26). 53% of the patients with PFPS who had 
LLD, the left leg was longer than the right leg. However, in the control group who 
had LLD, only in 30% of them the left leg was longer than the right leg. This result 
has been reported in Table 8. 
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Table 8.  Incidence of LLD (%) in the subjects with and without PFPS and Tai chi 
group 
 
Group (n) 
 
Right side             Left side               No LLD 
Control (23) 40%                       30%                        30% 
Patients (15) 14%                        53%                        33% 
Tai chi (12) 0%                        25%                        75% 
 
 
Figure 26. Incidence of LLD in the subjects with and without PFPS and Tai chi 
group 
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4.3.2. Varus and valgus knee deformity 
No significant differences were found in genu varum and genu valgum deformities 
between the patients, control and Tai chi groups (P>0.05). Thirteen of the 15 
patients (87%) demonstrated no knee deformities; only 2 of the patients (13%) had 
genu valgum and none of them showed genu varum. In the control group, 17 of 
the 23 subjects (74%) had no knee deformities, 3 of them (13%) had genu valgum 
and 3 of them (13%) had genu varum. In TC group, 9 of the 12 subjects (75%) had 
no knee deformities, 2 of them had genu valgum (17%) and only one person had 
genu varum (8%), (Figure 27). These results showed that in the patients and Tai 
chi group incidence of Genu valgum was more than Genu varum. However, in the 
control incidence of Genu valgum group was as same as Genu varum. These 
results have been presented in Table 9.  
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Table 9.  Incidence of varus and valgus knee deformity (%) in the subjects with 
and without PFPS and Tai chi group 
 
Group (n) 
 
Genu varum           Genu Valgum          No deformity 
Control (23) 13%                      13%                              74% 
Patients (15) 0%                         13%                              87% 
Tai chi (12) 8%                         17%                              75% 
 
 
Figure 27. Incidence of knee deformities in the subjects with and without PFPS 
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4.3.3. Excessive foot pronation 
No significant differences were demonstrated in excessive foot pronation between 
the patients, control and Tai chi groups (P>0.05). Eight of the 15 patients (53%), 
15 of the 23 control subjects (65%) and 5 of 12 TC group (42%) had excessive 
foot pronation and the rest of the subjects had normal foot. None of them had foot 
supination (Figure 28). This finding indicated that incidence of excessive foot 
pronation was less in the TC group than that of the patients and control group. 
This result has been showed in Table 10. 
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Table 10. Incidence of foot pronation (%) in the subjects with and without PFPS 
and Tai chi group 
 
Group (n) 
 
Pronation           Normal             Supination 
Control (23) 65%                      35%                          0% 
Patients (15) 53%                       47%                          0% 
Tai chi group (12) 42%                        58%                         0% 
 
 
Figure 28. Incidence of excessive foot pronation in the subjects with and without 
PFPS and Tai chi group 
 
0%
10%
20%
30%
40%
50%
60%
70%
Control 
group Patients
Tai chi group
65%
53%
42%
35%
47%
58%
Pronation Normal
Results    73 
 
4.3.4. Arch index  
There were not significant differences in foot arch between the patients, control 
and TC groups (P>0.05).Eight of the 15 patients with PFPS (53%), 9 of the 23 
healthy individuals (35%) and 5 of 12 Tai chi group (42%)  had flat foot and the 
rest of patients, control and TC  groups had a normal foot arch (Figure 29). 
Incidence of flat foot in the patients was more than that of the control and TC 
groups .This result has been presented in Table 11. 
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Table 11. Incidence of flat and high arch foot (%) in the subjects with and without 
PFPS and Tai chi group 
 
Group (n) 
 
Flat foot               Normal                High arch foot 
Control (23)     35%                      65%                          0% 
Patients (15)     53%                      47%                          0% 
Tai chi group (12)     42%                      58%                          0% 
 
 
 
Figure 29. Incidence of flat foot in the subjects with and without PFPS and Tai chi 
group 
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The percentage of incidence of leg deformities in the patients, control and Tai chi 
groups has been summarized in Table 12 and compared in Figure 30. 
 
 
Table 12.  The percentage of incidence of LLD, varus and valgus knee deformity, 
excessive foot pronation, flat foot in the subjects with and without PFPS and Tai 
chi group 
  Leg deformities    Patients Control group Tai chi group 
Leg length difference 67% 70% 25% 
Genu valgum 13% 13% 17% 
Genu varum 0% 13% 8% 
Foot pronation 53% 65% 42% 
Flat foot 53% 35% 42% 
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Figure 30. Comparison of incidence of leg length discrepancy (LLD), knee 
deformities (KD), foot pronation (FP) and flat foot (FF) in the subjects with and 
without PFPS and Tai chi group 
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No significant differences were found between the patients and control group with 
multi-leg deformities. These results were reported in the Table 13. 
Table 13. Incidence of multi-leg deformities (%) in the subjects with and without 
PFPS 
 
                          Group 
Multideformities 
Control Patients 
Flat F*. and knee D**. 9% 7% 
Flat F. and F. pronation*** 35% 33% 
Flat F. and LLD 30% 27% 
Knee D. and F. pronation 13% 13% 
Knee D. and LLD 17% 13% 
F. pronation and LLD 48% 33% 
Flat F. and knee D. and F. pronation 9% 13% 
Flat F. and LLD and F. pronation   26% 13% 
Flat F. and LLD and knee D. 9% 13% 
F. pronation and LLD and knee D. 13% 13% 
All deformities 9% 13% 
 
* Flat foot 
** Knee deformities 
***Foot pronation 
 
78    Results 
4.4. Range of motion and flexibility  
4.4.1. Range of motion 
4.4.1.1. Knee 
No significance differences were found in ROM of knee flexion and extension 
between the subjects with and without PFPS and Tai chi group (P>0.05),  
(Figure 31). The mean values and standard deviations of ROM of knee flexion and 
extension in the groups have been reported in Table 14. 
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Table 14. The mean values and standard deviations of ROM of knee flexion and 
extension in the subjects with and without PFPS and Tai chi group. 
 
Group (n) 
 
Knee flexion              knee extension 
Control (23)        134°± 9°                     7°± 4° 
Patients (15)        134°± 7°                     6°± 4.5° 
Tai chi group (12)        134°± 6°                     5.5° ± 3.5° 
 
 
  
Figure 31. Comparison of range of motion (ROM) of knee flexion and extension in 
the subjects with and without PFPS and TC group 
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4.4.1.2. Hip 
No significant differences were demonstrated in hip flexion, extension, abduction, 
adduction, internal rotation and external rotation between the patients, control and 
TC groups (P> 0.05), (Figure 32). The mean values and standard deviations of 
ROM of hip in the subjects with and without PFPS and TC group have been 
reported in Table 15. 
 
Table 15. The mean values and standard deviations of ROM of hip in the subjects 
with and without PFPS and Tai chi group. 
 
 
Hip movement       Control group             Patients                 Tai chi group 
 
Flexion            125°± 8°                   121°± 9°                     122°± 12°    
 
Extension            16°± 5°                     17°± 8°                       18°± 4° 
 
Adduction            20°± 4°                     19°± 5°                       20°± 4° 
 
Abduction            61°±10°                    62°± 12°                     60°± 9° 
 
Internal rotation            38°± 9°                     36°± 10°                     40°± 9° 
 
External 
rotation 
           56°± 8°                     50°± 13°                     50°± 10° 
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Figure 32. Comparison of ROM of hip in the subjects with and without PFPS and 
TC group 
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4.4.2. Hip flexor and iIiotibial band flexibility 
4.4.2.1.  Flexibility of hip flexors 
 According to Exact fisher test no significant differences were demonstrated in 
flexibility of hip flexor between subjects with and without PFPS and TC group 
(P>0.05). Fourteen of the 15 patients with PFPS (93%), twenty of the 23 healthy 
individuals (87%) and 8 of the 12 subjects in TC group (67%) had shortness of hip 
flexors (Figure 33). This finding indicated that incidence of shortness of hip flexors 
in TC group was less than those of the two other groups. This result has been 
presented in Table 16. 
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Table 16. Percentage of the subjects presenting normal or shortness of hip flexors 
 
Group (n) 
 
Shortness               Normal 
Control (23) 87%                          13% 
Patients (15)   93%                          7% 
Tai chi group (12) 67%                          33% 
 
  
 
Figure 33. Comparison of flexibility of hip flexors between the subjects with and 
without PFPS and Tai chi group 
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4.4.2.2. Flexibility of Iliotibial band 
Significant differences were showed in flexibility of Iliotibial band between the 
control and TC group (P=0.05). However, there were no significant differences 
between the patients and Tai chi group as well as patients and control group 
(P>0.05). Seven of the 15 patients with PFPS (47%), fourteen of the 23 healthy 
individuals (61%) and 3 of the 12 TC group (25%) had shortness of Iliotibial band 
(Figure 34). This finding showed that TC group had more flexibility in ITB than 
those of the patients and control group. This result has been reported in Table 17. 
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Table 17. Percentage of the subjects presenting normal or shortness of Iliotibial 
band 
 
Group (n) 
 
   Shortness                       Normal 
Control (23)      61%                               39% 
Patients (15)      47%                               53% 
Tai chi group (12)      25%                               75% 
 
 
 
Figure 34. Comparison of flexibility of Iliotibial band between the subjects with and 
without PFPS 
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4.5. Overall view of results 
Taken together, the results of this study showed that there are significant 
differences in the activation amplitude of the VMO at 30° and 45°angles between 
the subjects with and without PFPS. VMO electrical activity in the subjects with 
PFPS was significantly greater than that of the subjects without PFPS. In addition, 
significant differences were demonstrated in VMO/ (TFL+ VL) ratio at an angle of 
30° of knee flexion between the two groups. This ratio was greater for the patients 
than that of the control group. 
There were no significant differences in electrical activity of VMO, VL, TFL and 
their ratios across all angle knee flexions between the Tai chi group and patients 
as well as the Tai chi and control groups. 
Significant differences were identified in the angle of lumbar lordosis between 
the subjects with and without PFPS. This angle in the subjects with PFPS was 
significantly less than that of the subjects without PFPS. However, no significant 
differences were demonstrated in the angle of lumbar lordosis between the 
patients and Tai chi group as well control and Tai chi groups 
There were significant differences in pelvic tilt between the TC group and 
patients as well as TC and control groups. The angle of anterior pelvic tilt in TC 
group was significantly less than that of the patients and control group. However, 
no significant differences were demonstrated in pelvic tilt between the patients and 
control group. 
Among leg deformities, significant differences were showed only in LLD 
between patients and the Tai chi group as well as control and the Tai chi group. 
However, no significance differences were shown in LLD, between the subjects 
with and without PFPS. There were no significant differences in other leg 
deformities between groups. 
In addition, no significant differences were found in knee and hip ROM and hip 
flexor and iliotibial band flexibility between groups. 
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5.  Discussion 
 
 
 
 
5.1. The electrical activity of the muscles and treatment 
5.1.1. The electrical activity of the VMO, VL and TFL muscles  
In the current study, the electrical activity of muscles (VMO, VL and TFL) was 
investigated at 3 different angles of knee flexion (45°, 30°, 15°) during submaximal 
isometric contraction in subjects with and without PFPS. The normalized EMG 
data of VMO and VL indicated that in subjects with PFPS, the activation amplitude 
of the VMO muscle during the contraction at 30° of knee flexion was significantly 
greater compared with that of the subjects without PFPS (P= 0.05). There was no 
significant difference in the activation amplitude of the VL muscle between the two 
groups at the same angle. However, Owings (2002) reported the activation 
amplitude of both muscles (VMO and VL) of the subjects with PFPS were 
significantly higher than those of the control subjects during eccentric 
contraction.²⁵ 
Following the data analysis, we found no significant differences in VMO/ VL 
ratio across all knee flexion angles between two groups. This finding has been 
reported by previous studies: 
Souza and Gross (1991) suggested that patients with PFPS may not differ 
from healthy individuals with regard to VMO/ VL activation patterns.³⁰ McClinton  
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et al. (2007) showed no differences in activation magnitude of VMO related to VL 
during stair ascent between the subjects with and without PFPS or across step 
heights.⁴² Moraes Santos et al. (2007) suggested that the ratio of electrical activity 
of the VMO and VLL muscles in individuals with and without PFPS is equal in the 
gait on flat surface as well as ascending to 5 degrees.⁴³  Although Santos et al. 
(2008) found no significant differences in the VMO/ VLL ratio between groups, 
they showed significant difference in the VMO/ VLO ratio between the patients and 
control group.⁴⁴ 
Since it was suggested that imbalance in stabilizing forces affect on patellar 
tracking and subsequent PFPS ⁴, and the TFL as same as VL is a lateral stabilizer 
of patella that produces lateral force on the patella, ⁵’¹⁰ therefore these results may 
indicate that in addition the VL, the TFL muscle is also important in considering the 
ratio of lateral and medial dynamic stabilizer of patella. 
With regard to the role of the TFL/ ITB complex, which is an important lateral 
dynamic stabilizer of the patellofemoral joint, in particular from 0° to 30° of knee 
flexion,¹⁰’¹⁴⁷ several studies suggested that TFL/ITB complex tightness may 
contribute to the development of PFPS.¹²’¹⁴⁸ On the other hand, some researchers 
indicated there is a correlation between hip internal rotation and PFPS.¹⁴⁹’¹⁵⁰ 
Berger et al. (1998) stated that the direct correlation of combined (femoral and 
tibial) internal component rotation to the severity of the patellofemoral complication 
suggests that internal component rotation may be the predominant cause of 
patellofemoral complications in patients with normal axial alignment.¹⁴⁹ Ireland et 
al. (2003) indicated that female runners, who have demonstrated significant knee 
valgus and hip internal rotation movements during running, are especially prone to 
PFPS.¹⁵⁰ According to Press and Young (1998), internal rotation may be caused 
by a tight TFL and a weak gluteus medius.⁵⁶ McConnel  (2002) showed that 
decreased flexibility of TFL muscle is a contributing factor in the etiology of PFPS.²  
Since TFL is an internal rotator of the hip and a lateral stabilizer of patella,¹¹ we 
considered the electrical activity of this muscle. To the author’s knowledge, only 
two studies considered the electrical activity of the TFL muscle. 
Wheatly and Jahnke (1951) found the the vasti fire later than the RF and TFL 
in active extension in the patients with PFPS.⁴⁷ Gregersen and et al. (2006) 
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revealed that the VMO/ VL activation ratio increased significantly and the TFL 
activation decreased significantly as the varus moment decreased in the cyclist.⁴⁸ 
However, none of studies considered the activation amplitude of the TFL in the 
patients with PFPS. 
As the TFL and the VL play the role of the dynamic lateral stabilizers of the 
patella, the VMO represent a dynamic medial stabilizer of the patella. This function 
of VMO counteracts the force of lateral stabilizers on the patella. Due to balances 
in lateral and medial stabilizing forces, patellar tracking is prevented. Therefore, an 
insufficiency of these muscles can have an affect on the patella and develop 
patellar malaligment and consequently PFPS. 
In the present study, we found no significant differences in VMO/ TFL ratio 
between two groups across all knee flexion angles, however, significant 
differences were demonstrated in VMO/ (TFL+VL) ratio at 30° of knee flexion for 
the two groups. This ratio was greater for the subjects with PFPS (0.46) than for 
the subjects without PFPS (0.31). This result showed that there was no significant 
differences in (TFL+ VL) at angle of 30° of knee flexion between two groups, but 
the electrical activity of the VMO was significantly higher in patients than that of 
the healthy subjects. Powers (2000) believed that increase motor unit activity of 
the VM appeared to be in response to meeting the increased demand of providing 
patellar stability.¹⁵¹ With regard to the significant differences in VMO/ (TFL+ VL) 
ratio between patients and control group, it may be assumed that VMO as a 
medial stabilizer of the patella recruits more volume of active motor units, thus 
preventing more patella tracking. Roberts and Gabaldon (2008) stated that it is 
generally assumed the EMG intensity provides a reliable estimate of the volume of 
recruited muscle, but not necessarily of the developed force.¹⁵² According to 
Roberts and Gabaldon¹⁵², high activation level of the VMO of the subjects with 
PFPS is not necessarily associated with developed force in this muscle. Powers 
(2000) suggested that increased motor unity activity of the VM muscle appears to 
be associated with abnormal patellar kinematics in women, but it is not necessarily 
a cause of abnormal patellar kinematics.¹⁵¹ It may be presumed that VMO with 
more activation and more recruited motor unit tries to counteract the lateral forces 
of VL and TFL on the patella and prevent more patella tracking. 
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This finding may provide evidence that PFPS is associated with a disruption in the 
control of the VMO during the isometric contraction at 30° of knee flexion. Further, 
this study indicated not only VL, but also TFL is important to compare the 
stabilizers of patella in patients with PFPS; heretofore no study has considered the 
activation amplitude of TFL in the patients with PFPS. 
In addition, the results of the present study showed that VMO/ (TFL+ VL) ratio 
differed at 30° of knee flexion between the subjects with and without PFPS. In 
another study, which was done by Orchard about the Iliotibial friction syndrome in 
runners, was showed that friction occurs at 30° of knee flexion.¹⁵³ Besier et al. 
(2001) stated that the greatest potential for tension development in the ACL is 
during sidestepping, where the knee experience combined loads of anterior tibial 
force, internal rotation, and valgus moments and the knee angle is between 30° 
and 40° of flexion.¹⁵⁴ It may be assumed that this angle plays an important role for 
injuries occurring in runners. 
5.1.2. Treatment 
In general, the goals of patellofemoral treatment are to maximaize quadriceps 
strength while minimizing the patellofemoral joint reaction forces and stress and 
restore the equilibrium of the patellar tracking system.¹⁵⁵’¹⁵⁶ In the current study, the 
TC group was chosen to compare with patients and control group. Based on the 
effect of TC training on reducing load on the knee joint and emphasis on posture 
alignment,⁴ it was hypothesized that TC training may be effective in preventing of 
patella tracking and alleviation of PFPS. 
We found no study that showed Tai chi exercise is beneficial for PFPS. Only 
some studies suggested that Tai chi may be effective for pain control in patients 
with knee osteoarthritis.¹¹⁴’¹⁵⁷ It is claimed that Tai chi is beneficial for arthritis by 
alleviating joint pain and increasing strength, flexibility and balance in older 
patients .¹²³’¹⁵⁸’¹⁵⁹ Savio et al. (2007) stated that Tai chi is considered to be a 
suitable form of exercise for rehabilitation of sport injuries.¹¹⁵ They affirmed that 
because of its low impact loading and low velocity nature, and emphasis on 
proprioceptive and internal sense of body position and motion, Tai chi helps or 
reduces the load on the lower limbs joints, particularly in knee and ankle, which 
are often sites of degeneration in athletes.¹¹⁵ 
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The results of comparison of electrical activity of the TFL, VL and VMO muscles at 
15°, 30° and 45° angles of knee flexion demonstrated no significant differences in 
the activation amplitude of these three muscles at the above mentioned angles 
between patients and TC group as well as control and TC groups. In addition, 
there were no significant differences in the VMO/ VL, VMO/ TFL and VMO/ (TFL+ 
VL) ratios between the groups. 
To my knowledge, no studies have compared electrical activity of the TFL, VL 
and VMO muscles between athletes with and without PFPS and TC group. Only 
Tseng et al. (2007) investigated knee muscle activity patterns in experienced TC 
practitioners during normal walking and TC stepping.¹⁶⁰ They found that knee 
muscle (VL and VM) activation patterns had higher levels with greater co-
contraction during TC exercise compared to normal walking. 
In comparison with other treatment methods, the results of the present study 
(comparison of electrical activity of VMO related to VL) are similar to the results of 
Cerny (1995)⁹⁹ and Cowan (2006)¹⁰⁶ who considered the effect of patellar taping 
on PFPS. Cerny stated that although patella taping didn’t change the VMO/ VL 
ratio, subjects reported decreased pain 94% during the step-down exercise.⁹⁹ 
Cowan showed that application of tape over the patella did not alter the amplitude 
of vasti EMG, nevertheless it decreased pain in subjects with PFPS.¹⁰⁶  However, 
MacGregor et al. (2004) demonstrated that stretch applied to the skin over the 
patella increased VMO surface EMG and suggested that cutaneous stimulation 
may be one mechanism by which patella taping produces a clinical effect.¹⁶¹ 
Christou (2004) suggested that taping the patella medially can contribute positively 
to PFPS rehabilitation. He proposed that the benefits of patellar taping are not due 
to change in patellar position, but rather due to enhance support of the 
patellofemoral ligaments and/or pain modulation via cutaneous stimulation.¹⁶² 
In contrast to the present result, some studies showed their treatment regime 
changed the electrical activity of the VMO related to VL. Cowan et al. (2002) 
demonstrated that a “McConnel”-based physical therapy treatment regime for 
PFPS alters the motor control of VMO relative to VL in a functional task and this is 
associated with a positive clinical outcome.¹⁰² Crossley et al. (2002) suggested 
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that a six-treatment, 6 weeks physical therapy regimen is efficacious for alleviation 
of PFPS.²⁴ 
Ng et al. (2008) showed that the incorporation of an EMG biofeedback into a 
physiotherapy exercise program could facilitate the activation of VMO muscle such 
that the muscle could be preferentially recruited during daily activities. 
Tang et al. (2001) stated that in closed kinetic chain exercises, more selective 
VMO activation can be obtained at 60° knee flexion.¹⁰⁰ Hanten and Schulthies 
showed that during hip adduction, the electrical activity of the VMO is significantly 
greater than that of the VL.¹⁶³ They suggested that hip adductor contraction, in 
conjunction with quadriceps sets and straight leg raises, is recommended to 
facilitate VMO strengthening. However; Mirzabeigi et al. (1999) revealed that VMO 
muscle cannot be significantly isolated during strengthening exercise.¹⁶⁴ 
All of the above mentioned studies considered the treatment methods on the 
patients. However, we compared the subjects who do TC training with the patients 
and a control group. Other results may be found, if the subjects with PFPS 
performed TC training for a certain period of the time. This maybe explains the 
difference of our results with others. 
One limitation in our study was the age of the TC group. The range of age in 
the patients and control group was 20-30 years old; however in the TC group the 
average age was more than 33 years old. All of TC practitioners in Bielefeld were 
over 33 years old and people who were younger than 30 years old didn’t take part 
in TC exercise. 
Hinman et al. (2006) in considering of the effect of age on the onset of VMO 
relative to VL showed that both younger and older participants demonstrated a 
relatively synchronous onset of VMO and VL with no differences between age 
groups evident. ¹⁶⁵ However, Dixon and Howe (2007) stated that due to muscle 
atrophy, the EMG signals of older people often have lower amplitude and poorer 
signal to noise ratio than that of younger people.¹⁶⁶ Since Tseng et al. (2007) 
indicated that TC exercise causes higher levels of knee muscle (VL and VM) 
activation patterns with greater co-contraction,¹⁶⁰ and our results showed no-
significant differences in electrical activation of VMO and VL between the young 
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athletes and TC group, who were older than the two other groups, it may be 
assumed that TC training effects the quality of the EMG signals. More research for 
revealing role of TC on treatment of PFPS needs to be conducted. 
5.2. Lumbar lordosis and pelvic tilt: 
5.2.1.  Lumbar lordosis 
In the current study, the angles of lumbar lordosis and pelvic tilt were investigated 
in subjects with and without PFPS by gravity inclinometer. We found that the angle 
of lumbar lordosis was different for the two groups and it was significantly less for 
the patients than for the healthy subjects. The mean value of lumbar lordosis was 
23.83± 6.35 for the subjects without PFPS compared with 18.33± 8.29 for the 
subjects with PFPS. This result indicated that the patients with PFPS showed 
more instances of decreased lumbar lordosis than the control group. 
This finding is in disagreement with the finding by Press and Young (1998). 
They proposed that an increased lumbar lordosis may contribute to PFPS.⁵⁶ 
Although Tsuji et al. (2002) studied correlation between sacral inclination and 
lumbar lordosis with PFPS in elderly people, ⁵⁷ their results were in agreement with 
our findings. They suggested that in elderly Japanese, decreased lumbar lordosis 
and sacral inclination lead to increasing thigh muscle tension and knee flexion 
while standing. This increases low back pain and PFPS. 
To my knowledge, there are not many studies about the relation between 
lumbar lordosis and PFPS. Some researchers investigated relationship between 
lumbar lordosis and lumbar spine problems with knee disorders. 
Murata et al. (2003) showed a correlation between the knee angle and lumbar 
lordosis, indicating that the loss of lordosis is related to degenerative changes in 
the knee.⁵⁵ He pointed that it is difficult to determine whether the deformity of the 
lumbar spine is the primary factor or whether the knee is the initial factor. 
Nicolas et al. (1977) described the link theory in which the ankle, knees and 
hips act as link system making possible the transmission of forces into the pelvis 
and spine during running, jumping, kicking and throwing¹⁶⁷. Nadler et al. (1997) 
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stated that biomechanical studies have confirmed not only how the joints of the 
lower limb work together to transfer forces between limb segments during motion, 
but that a compromised joint leads to proximal and distal joint dysfunction. ¹⁶⁸ He 
also showed that PFPS and chronic ankle instability are conditions most 
commonly associated with low back pain treatment. 
Rocha et al. (2006) concluded that knee pain is referred from the lumbar spine 
problems.¹⁶⁹ Decreased lumbar lordosis is also one of the lumbar spine problems 
and causes by muscle inflexibility. It was showed that flexibility of lumbar lordosis 
enhances its shock-absorbing ability.¹⁷⁰ Therefore it is suggested that inflexibility of 
lumbar spine or decreased lumbar lordosis reduces its shock-absorbing ability. It 
seems that this shock may be transferred to lower-extremity and particularly knee 
and causes pain. It has also been resulted by the current study. 
On the other hand, many researchers have indicated that the shortened 
hamstrings can lead to PFPS syndrome and decreased lumbar lordosis.⁵⁴’⁹⁴’¹⁷¹ 
Although, with regard to the correlation of the lower extremity disorders and 
lumbar spine, knee problems like PFPS may be caused by altered lumbar lordosis, 
however the shortened hamstrings have not been considered in the present study. 
This study denoted that decreased lumbar lordosis is one of the risk factors that 
make PFPS; however, it is too difficult to determine whether the deformity of the 
lumbar spine is the primary factor or whether the knee is the initial factor. 
5.2.2. Pelvic tilt 
In the current study no significant differences were found in anterior or posterior 
pelvic tilt between the patients and control group. The mean value of pelvic tilt was 
6.74± 3.99 for the subjects without PFPS compared with 6.40 ± 3.78 for the 
subjects with PFPS. To my knowledge, there is no research about the relation 
between posterior pelvic tilt and PFPS. However, some researchers indicated a 
relation between anterior pelvic tilt and PFPS.⁶²’¹³¹ 
Tyler et al. (2006) stated that patients with PFPS demonstrated significant 
weakness in their hip flexor during hip flexion strength testing in a sitting position.⁶¹ 
Such findings suggest a possible inability of the hip musculature to control femoral 
rotation during activities resulting in PFPS. Hip flexor weakness may not 
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adequately provide a stable pelvis during gait, which essentially inhibits the pelvis 
from going into an anterior pelvic tilt and concomitant femoral internal rotation.⁶¹ 
However; anterior pelvic tilt is also associated with shortening of the hip flexors, 
including the rectus femoris.¹³⁴  
Sweeting and Moch (2007) indicated that the increased anterior pelvic tilt 
causes greater knee flexion at heel strike and mid stance. Increased knee flexion 
causes the patella to compress against the femur with greater force, predisposing 
the patient to patellofemoral joint syndrome.⁶² However; Sol suggested that for 
decreasing the impact of vertical forces at the knee joint, the knee joint’s role as a 
shock absorber should be enhanced through an increased knee flexion angle.¹⁷² 
Although the above mentioned studies stated that anterior pelvic tilt effects on 
knee and causes PFPS, they didn’t compare the angle of pelvic tilt in the patients 
with PFPS and healthy group. They explained the effect of pelvic tilt on knee, base 
on biomechanical aspects. However, in the present study, we compared the angle 
of pelvic tilt in the subjects with and without PFPS and found no significant 
differences in this angle between the two groups. 
5.2.3. Treatment 
We also considered the angle of lumbar lodosis and pelvic tilt in the TC group and 
compared it with the patients and control group. We found that the TC group had 
no significant differences in the angle of lumbar lordosis in comparison with the 
patients and control group. The angle of lumbar lordosis in the TC group (20.67± 
5.85) was more than that of the patients (18.33± 8.29) and less than that of the 
control group (23.83± 6.36), however, there was no significant difference between 
the TC group with the two other groups. Although no studies identified the effect of 
TC on lumbar lordosis in patients with PFPS, some researchers showed that TC 
practice is beneficial for greater flexibility of thoracic/lumbar lordosis.¹¹⁹’¹⁷³ 
Sweeting and Mock (2007) suggested that regular stretch and exercise routine 
like Pilates, TC, Yoga with specific emphasis on strengthening of core muscles, 
provide lumbopelvic stability.⁶² Gallagher (2003) stated that by minimizing 
segmental spinal rotation, the lumbar spine is maintained in a neutral position in 
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the transverse plane.¹⁷⁴ He affirmed that one advantage of this neutral spine (in all 
planes) is to balance the forces seen by the spinal elements. 
However, we found no differences in the angle of lumbar lordosis between the TC 
group and young athletes, in regard to the age of TC group and according to Gelb 
et al. (1995) who reported a decrease in lumbar lordosis above the age of 40 
years, ¹⁷⁵ the findings of the current study may highlight an important point. These 
results show that TC training is beneficial in providing of flexibility of lumbar 
lordosis. 
As we indicated, there are a few studies which considered the relationship 
between lumbar lordosis and PFPS. As a result, we found no treatment regimes 
that focus on the treatment of lumbar lordosis in patients with PFPS. Only Mascal 
et al. (2003) considered endurance training of the hip, pelvis and trunk 
musculature in the two patients and showed that both patients experienced a 
significant reduction in PFPS.¹⁰³ In order to clear up how TC training has an effect 
on the patients with PFPS who have decreased lumbar lordosis, is needed more 
research with a focus on performance TC training in these patients. 
In addition, our results showed that there are significant differences in pelvic 
tilt between the TC group and two other groups. The degree of anterior pelvic tilt in 
Tai chi group (3.33°) was significantly less than those of the patients (6.40°) and 
control group (6.74°). 
Since TC exercise emphasizes stability of the pelvic, it would be expected that 
subjects doing TC, have less pelvic drop. It was notable in our findings that despite 
the older age of TC group, they had less anterior pelvic tilt than those of the two 
groups. 
Some studies indicated the importance of pelvis in TC and effect of TC 
exercise on pelvic control. Alfred Huang (1993) believed that pelvis is the center of 
structure balance and also the center for control of movement, and pelvis design is 
appropriate for support and transfer of weight as well as for balance and 
movement.¹⁷⁶ In the other study has been stated that in Tai chi exercises, weight-
bearing hip abductors (gluteus medius) dynamically stabilize pelvis in the coronal 
plane preventing pelvic drop.¹⁷⁷ These findings are in agreement with our results 
that TC group had less pelvic drop than those of athletes with and without PFPS. 
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Bryant and James (2003) showed that TC exercise strengthens pelvic and leg 
muscles, loosens hip joint and promotes good balance. ¹¹⁶ According to McConnel 
(1996), a stable pelvis will minimize unnecessary stress on the knee.⁷ In regard to 
the effect of TC on pelvic, it may be proposed that TC exercise with stabling pelvis, 
reduces stress on knee and alleviates pain. 
In comparison with TC exercise, a physical therapy program may also alleviate 
pain in patients. Whereas weakness of hip flexor muscles (which help to maintain 
pelvic stability) is one of the risk factors of PFPS, Crossly et al. (2002) showed that 
physical therapy included quadriceps muscle retraining, patellofemoral joint 
mobilization, patellar taping and daily home exercise reduces pain. ¹⁰¹ 
Since TC strengths pelvic muscles, stabiles lumbopelvic and prevents pelvic 
drop, ¹¹⁶’¹⁷⁷ it may be suggested that patients with PFPS who have anterior pelvic 
tilt, and this deformity causes pain in their knees, use TC exercises to improve 
their pelvic drop and subsequent alleviate pain. 
5.3. Malalignment of lower extremity: 
In the present study, LLD, genu varum, genu valgum, flat foot and foot pronation 
were investigated in subjects with and without PFPS .We found that incidence of 
LLD in the patients and control group was almost the same and 67% of the 
patients and 70% of the control group had LLD. LLD is a risk factor for overuse 
injuries⁷⁶ and causes stress fracture, hip pain and low back pain ⁶⁸’¹⁷⁸. 
The civilian sports medicine literature suggests that the extremes of anatomic 
variation and malalignment of the lower extremities predispose runners and 
athletes to injury.⁷⁸ 
5.3.1. Leg length discrepancy 
 LLD may have several adverse effects on the lower extremity during running.¹⁷⁹ It 
may alter the pattern of mechanical stress within the joint and also affect muscle 
tension patterns around the joint.⁷⁴ Although there is a link between overuse injury 
and LLD, to my knowledge no researcher has proved a positive correlation 
between LLD and PFPS. Only Kujala et al. (1987) indicated that LLD causes 
patellofemoral joint incongruence ¹⁸⁰, although they did not illustrate directly the 
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role of LLD on PFPS. Our finding is in agreement with the findings of several 
authors. ¹⁵’⁷⁴’⁷² Witvrouw et al. (1999) showed that during 2-year follow-up study, 
24 of the 282 students developed PFPS. Statistical analysis revealed that no 
significant differences in LLD between the students with and without PFPS.¹⁵ 
Duffey et al. (2002) demonstrated no difference in LLD between the runners with 
and without anterior knee pain. ⁷⁴ They suggested that a moderate LLD (≤0.5 cm) 
is normal and under most conditions is not a contributing factor in overuse injuries 
in runners. Messier et al. (1991) indicated that runners with and without PFPS had 
mean LLD that ranged from 0.02-0.18 cm. ⁷² In the present study LLD was under 
0.5 cm in the most of subjects. According to Duffy ⁷⁴ and Messier⁷² and the finding 
of the present study, maybe higher LLD contributes in PFPS. 
In contrast to the our results, Reid (1993) in a review study stated that among 
all alignment measurements found in the literatures, only LLD is consistently found 
to be a significant factor in the etiology of PFPS.⁷³ However; he didn’t explain that 
which range of LLD is a risk factor for PFPS. 
We also observed that incidence of LLD in the left leg of the patients was more 
than that in the control group; however no significant difference was demonstrated 
between the two groups.  
5.3.2. Varus and valgus knee deformity 
Genu varum and genu valgum are the other anatomic factors which have been 
hypothesized to be associated with increased risk of injury among athletes. In the 
current study, none of groups showed signs of genu varum or genu valgum and 
the most of the subjects with and without PFPS had no knee deformities. 
There are various opinions about the correlation between genu varum and 
genu valgum with PFPS. In agreement with our findings, Waryasze and 
McDermott (2008) in a review article concluded that characteristics of genu varum 
and genu valgum have not been found to contribute to PFPS.¹⁴ In addition, Cibulka 
and Threlkeld-Watkins (2005) in a case report in a patient with PFPS observed no 
genu varum or valgum.⁸⁰ 
Although Lun et al. (2003) in considering 6 patients found significantly 
difference in right knee genu varum in injured and non-injured groups; they stated 
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that a small number of cases and a lack of agreement between the injured side 
and significant side of alignment measurement make it difficult to determine which 
of these alignment measurements are clinically significant.⁷⁹ 
The findings of Milgorm⁷⁶ and Doucette⁷⁷ were in disagreement with our findings.  
Milgorm et al. (1991) revealed that the presence of genu varum had a significant 
correlation with the incidence of PFPS.⁷⁶ However, Doucette and Goble (1992) 
indicated that genu valgum is a factor which increases the tendency of the patella 
to displace laterally.⁷⁷ Furthermore, Christopher and Powers (2003) stated that 
Valgus at the knee may increase the Q angle, as the patella would be displaced 
medially with respect to the ASIS.⁶⁷ In comparison, varus position of the knee 
could decrease the Q angle, as the patella would be brought more in the line with 
the ASIS.⁶⁷ A larger Q angle would tend to create lateral vector and potentially a 
greater predisposition to lateral patellar tracking when compared to a smaller Q 
angle.¹⁸¹ 
Taunton et al. (2002) in considering of biomechanical variables for the most 
common injuries demonstrated that among the patients with PFPS, the incidence 
of genu varum (32%) was more than the other biomechanical variable and genu 
valgum with incidence 29% was the second one.¹⁷  
In our study, incidence of genu valgum (13%) was more than genu varum 
(0%) in the patients; however this difference was not significant. 
5.3.3. Excessive foot pronation 
Foot pronation has been recognized as a risk factor contributing to alterations in 
lower –extremity kinematics ⁸¹ and a cause for overuse running injuries.⁸² There 
are a few studies that considered the relation between foot pronation and PFPS. In 
the current study no significant differences were found in foot pronation and 
supination between the subjects with and without PFPS. 
This finding is in accordance with the findings of other studies. Messier et al. 
(1991) found no significant differences in maximum pronation, maximum pronation 
velocity and total rearfoot movement in 36 evaluated runners (16 with PFP and 20 
controls). ⁷²  
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Powers and colleagues (2002) performed 3 dimensional motion analyses 
during self-selected free- and fast-walking velocities on 24 females with PFP and 
17 controls and found no group differences with respect to the magnitude and 
timing of peak foot pronation and tibia rotation.⁸⁴ Christopher suggested that 
according to the results of Powers and Messier, one cannot assume a  
cause-and-effect relationship between abnormal pronation and PFPS; however, it 
is entirely possible that certain individuals with PFPS may demonstrate abnormal 
foot pronation.⁶⁷ 
Hetsroni et al. (2006) and Thijs et al. (2008) indicated that no significant 
evidence between excessive foot pronation or supination and PFPS.⁸⁶’⁸⁷  
Although all the above mentioned studies and the current study found no 
differences in foot pronation and PFPS, Eng and Pierrynowski (1989) suggested 
that excessive foot pronation during the stance phase can alter the normal rotation 
of the tibia in the frontal and transverse planes as a result of anatomical 
congruency of the talus within the ankle mortise. In turn, aberrant tibial rotation can 
disrupt the normal patellofmoral relationship.⁸³  
From the results of this study and previous studies it can be concluded that 
excessive foot pronation and supination may not contribute to PFPS. 
5.3.4. Arch index 
In the present study no significant differences were found in flat or high arch foot 
between the patients and control group. 53% of the patients and 35% of control 
group had flat foot; however this difference was not significant. These results are 
in agreement with the finding of other studies. 
Witvrow et al. (1999) revealed no significant difference in the division of foot 
type between the students with and without PFPS.¹⁵ In the other research by 
Messier et al. (1991) with the two groups (with and without history of overuse 
injuries), it was presented that both groups had normal arched foot.⁷² Esterman 
and Pilotto (2005) showed no correlation between foot shape and injuries ( such 
as stress fracture, periostitis, iliotibial band syndrome and PFPS).⁸⁹ However, 
They stated that the flat feet group had significantly poorer subjective physical 
health than did the normal feet group. In addition, Waryasz et al. (2008) suggested 
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that pes cavus (high arch) and pes planus (flat feet) have not been found to 
contribute to PFPS.¹⁴ 
In contrast to the our study, Duffey et al. (2000) demonstrated that the anterior 
knee pain group had a higher arched foot relative to control group and that this 
position causes a more cavus and rigid foot that is less able to absorb shock.⁷⁴  
In addition, our results showed no significant differences in multi-leg 
deformities. We considered two deformities together, three deformities together 
and all deformities together and compare them between the patients and control 
group. As we pointed, we found no significant differences in these multi-leg 
deformities between two groups. 
Taken together, the results of this study suggest that abnormal biomechanics 
of the lower limb cannot cause PFPS; however the individuals with PFPS may 
demonstrate one or more of the abnormal biomechanics.  
5.3.5. Treatment 
 Incidence of leg deformities were compared between the patients with PFPS and 
a control group with TC group. The results indicated that there were significant 
differences in LLD between TC group and athletes with and without PFPS. 75% of 
TC group had no LLD. In compared with the TC group, only 33% of the patients 
and 30.4% of the control group had no leg length difference.  
One of the aims of treatment of PFPS is improvement of the lower limb 
mechanics. Therefore, stretching the tight lateral structures and strengthening 
quadriceps was recommended by other authors.⁷’⁹⁷ 
Eng et al. (1993) also showed that in addition to an exercise program, the use 
soft foot orthotics is an effective means of treatment for the patients with PFPS 
and excessive forefoot varus or pronation.⁹⁸  
Furthermore, Post (2005) concluded that evaluation and treatment should 
include lower extremity flexibility and muscular control.¹⁰⁴  
No study considered the effect of TC in treatment of LLD, only some 
researchers indicated that TC exercise focuses on postural alignment.¹²⁰’¹⁸²  
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Li et al. (2005) stated that the particular characteristic of TC exercise, which 
emphasizes control over one’s displacement of body mass, postural alignment, 
and ROM of joints and muscles of the lower body, may be part of a larger 
mechanism responsible for specific gains in leg strength and postural stability.¹⁸²  
Of particular interest is that despite the fact that the TC group was older than 
the other two groups, they had less LLD.  This finding emphasizes that TC 
exercises prevents leg length difference. Although in our findings there were no 
significant differences in LLD between the patients and control group, it has been 
showed that LLD is a risk factor for running injuries.⁵⁵ TC exercise can help to 
decrease of presence of this problem in runners. 
In the present study no significant differences were demonstrated in genu 
valgum and genu varus between the patients with PFPS and the TC group as well 
as the control and TC groups. However, Gallagher (2003) believed that TC may 
reduce genu valgum angulation through engagement of the external hip 
rotators.¹⁷⁴ He stated that rotator muscular activity opposes the forces that tend to 
cause valgus at the knee and to some extent, foot pronation. 
In addition, the results showed that neither in foot pronation/supination nor in 
arch index (flat and high arch foot) significant differences between the TC group 
and two other groups. To my knowledge no previous study was done about TC 
effects on these deformities. However, some researchers indicated that TC 
improves lower-extremity biomechanical efficiency during activities of daily 
living.¹⁸²’¹⁸³ 
One explanation for no significant differences in the above mentioned 
deformities between the groups may lies in the age of groups. From the results of 
this study it can be concluded that despite the older age of TC group, they had no 
deformities and it may be conducted that TC exercise maintains postural 
alignment.  
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5.4. Range of motion and flexibility 
5.4.1. Range of motion (ROM) 
In the current study, knee ROM (includes: flexion and extension) and hip ROM 
(includes: flexion, extension, abduction, adduction, internal and external rotation) 
were investigated in subjects with and without PFPS. The results showed that no 
significant differences in knee and hip ROM between the two groups. 
This finding is in accordance with the findings of other researchers. Messier et al. 
(1991) found runners with PFPS had no differences in knee ROM with control 
group.⁷² Also, Thomee et al. (1995) stated that subjects with PFPS did not differ in 
lower-extremity alignment and lower-extremity ROM measurements in comparison 
to control group.⁹³ Dixit et al. (2007) stated that patients with PFPS usually 
demonstrate a full ROM of the knee.⁴ 
The finding of Van Mechelen et al. (1992) was in disagreement with our 
finding. They investigated a group of runners with lower extremity injuries and 
compared them with controls with respect to ROM of the hip and ankle joints.⁹⁰ 
They found that the injured group had more restricted ROM at the hip joint, but 
ROM at the ankle joint showed no statistically significant differences.⁹⁰ Although 
PFPS is one of the lower extremity injuries, according to variety of lower-extremity 
injuries, Van Mechelen et al. hadn’t indicate which injuries were considered and 
whether PFPS also was one of the considered injuries. This reason may explain 
the difference found between their and our study. 
In the other study, Willson and Davis (2008) showed that women with PFPS 
demonstrated increased hip adduction angle, hip flexion angle, hip abduction 
angular impulse, and decreased hip internal rotation angles throughout the 
exertion protocol.⁹³ Although these findings are in disagreement with our findings, 
there were differences between our and their studies. Their subjects were women 
with and without PFPS who did functional lower-extremity exertion protocol of 
repetitive single-legged jumps and they measured the knee and hip angles during 
and after protocol by VICON 3-D motion analysis system. However, our subjects 
were men and women with and without PFPS that we evaluated the knee and hip 
angles by goniometer. 
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From the results of this study it can be concluded that athletes with PFPS had 
no restricted ROM of knee and hip joints in comparison to the control group. It may 
be suggested that PFPS has no affect on knee and hip ROM. 
5.4.2. Flexibility 
We also investigated flexibility of hip flexor muscles by Thomas test and ITB 
flexibility by Ober test between athletes with and without PFPS. Our results 
indicated that no significant differences in flexibility of hip flexors and iliotibial band 
between the two groups. 
This result is in agreement with the findings of Cibulka and Threlkel-Watkins 
(2005).⁸⁰ They used Thomas and Ober tests for measuring the flexibility of hip 
flexors and ITB in a patient with anterior right knee pain. Their results showed no 
significant difference between the left and right rectus femoris muscles, ITB, or hip 
flexor muscles.⁸⁰ These authors applyed exactly our methods and their findings 
also were in accordance with our results. 
In addition, this finding is partly in agreement with the results were found by 
Piva et al. (2005).⁹⁵ They stated that no differences exist in flexibility of the iliotibial 
band/ tensor fascia lata (ITB/TFL) complex and strength of the hip external 
rotators and abductors between the patients with PFPS and healthy control 
subjects. However; they found less flexibility of quadriceps in the patients 
compared with control group. ⁹⁵ One explanation for the difference in hip flexor 
flexibility that was found in their and our study may lies in the method of flexibility 
measuring. We used Thomas test for measuring flexibility of hip flexors and this 
test was done in the supine position, whereas they used a measurement of knee 
angle during passive knee flexion in prone position and measured only flexibility of 
quadriceps. 
In contrast to our findings, some researchers stated that limited flexibility of the 
quadriceps, (ITB/TFL) complex and hamstrings have been associated with 
PFPS.²⁸’⁹⁴ McConnel and Bennell (2006) stated that a tight TFL, through its 
attachment into the ITB, will cause lateral tracking of the patella, particularly at 20° 
of knee flexion when the band is at its shortest.¹⁸⁵  
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Smith et al. (1991) showed that skaters with anterior knee pain had tighter 
quadriceps muscles and ITB than those without pain.⁹⁴ Maybe the age of the 
skaters in Smith’s study explains the difference between their and our study. Their 
subjects were between 10-20 years old; however our subjects were between 
20-30 years old. 
Although some prior studies indicated that tightness in the ITB and quadriceps 
muscles may contribute to PFPS and knee pain by pulling the patella laterally, we 
didn’t find any relationship between limited flexibility of hip flexor muscles and ITB 
with PFPS. 
5.4.3. Treatment 
McConnell (2002) indicated that stretching the tight lateral structures may 
decrease the tendency of the patella to track laterally and should enhance the 
position of the patella.² Tyler and et al. (2006) stated that increase the flexibility of 
the hip flexors and ITB would allow the pelvis to rotate posteriorly, create relative 
femoral external rotation and helping to align the patella in the trochlear groove of 
the femur.⁶¹ Therefore, they performed a 6-week treatment program for patients 
with PFPS. They indicated that improvements in hip flexion strength combined 
with normalized ITB and iliopsoas flexibility were associated with excellent results 
for patients with PFPS.⁶¹ 
In the present study, knee and hip ROM as well as flexibility of hip flexor 
muscles and ITB was considered in the TC group to determine the effect of TC on 
flexibility and ROM, and then was compared with the patients and control group. 
The results showed no significance differences in ROM of knee flexion and 
extension, and hip flexion, extension, abduction, adduction, internal rotation and 
external rotation between the groups. 
Although it has been reported that TC enhances balance, muscle function and 
flexibility,¹⁸⁶ no study considered the effect of TC training on improvement of 
flexibility and ROM in the patients with PFPS. However, Van Deusen and Harlowe 
(1987) indicated that TC exercise increase lower-extremity ROM in the patients 
with rheumatoid arthritis.¹¹⁷ 
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To the author’s knowledge, there was no study that investigated the 
relationship between TC and flexibility of hip flexors and ITB. Only Macfarlane et 
al. (2005) stated that TC trainings improve hamstring flexibility.¹²⁴ 
Although Lan et al. (1996) didn’t study the flexibility of lower-extremity, they 
found that TC practitioners had greater thoracic/ lumbar flexibility in comparison 
with the control group. ¹¹⁸ 
It is considerable that these studies investigated TC group with control group of 
sedentary subjects or TC practitioners before and after TC trainings. These groups 
had no other sport activities. Therefore, it is predictable that TC improves flexibility 
in these groups. However, in the current study, we compared active athletes with a 
TC group. Our results showed that the control group had less flexibility in ITB than 
that of the TC group. This may suggest that TC training have an effect on flexibility 
of ITB. 
Notwithstanding we found no significant differences in hip flexors and ITB 
flexibility in the TC group in compared with athletes with PFPS, this is an 
interesting point in our findings. Based on decreasing of flexibility and ROM with 
increasing age, ¹⁸⁷ TC group had same flexibility in hip flexors and ITB as same as 
knee and hip ROM with the two other groups. This point indicates that TC 
improves flexibility and it may be recommended to the patients with PFPS who has 
limited flexibility. 
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6. Summary 
Patellofemoral pain syndrome (PFPS) is a term for a variety of pathologies or 
anatomical abnormalities leading to a type of anterior knee pain and is the most 
common single diagnosis among runners and in sport medicine centers. Despite 
this high incidence, the exact cause of these disorders remains enigmatic. 
The major complain of patients with PFPS is retropatellar pain during activities 
such as running, squatting, going up and down stairs, prolonged sitting, cycling, 
and jumping.  
Some of risk factors in athletes with PFPS were considered and compared with 
athletes without PFPS in the present study. In addition, since Tai chi (TC) helps or 
reduces the load on the lower limbs joints, particularly in knee, a TC group was 
chosen to compare with the two other groups.  
 
6.1.1. Risk factors 
The results of the present study showed that the electrical activity of Vastus 
medialis oblique (VMO) at 30° and 45° angles of knee flexion was significantly 
higher in the patients than that of the control group. Based on the no significant 
differences  in  VMO/  VL (Vastus lateralis) and VMO/ TFL (Tensor fascia lata) 
ratios across all knee flexion angles between the two groups, and significant 
differences in VMO/ (TFL+ VL) ratio at 30° angle of knee flexion, it seems that the 
TFL and VL together produce lateral force on the patella. It may be assumed that 
high electrical activation of the VMO in the patients is an effort to counteract lateral 
force which produces by the VL and TFL and for preventing patella tracking. It is 
suggested that in consideration of lateral stabilizers of the patella, the TFL and VL 
should be assessed together. In addition, it may be assumed that 30° angle plays 
an important role for injuries occurring in runners. 
Our findings demonstrated that decreased lumbar lordosis may be cited as a 
risk factor for PFPS, but there were no differences in posterior or anterior pelvic tilt 
between the patients with PFPS and control group. It is suggested that during the 
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physical examination of patients with PFPS, the position of lumbar lordosis is also 
attended. If patients with PFPS posses decreased lumbar lordosis, training 
regimens may be effective for the improvement of patellar malaligment and the 
alleviation of PFPS. 
Furthermore, this study provides evidence that abnormal biomechanics of 
lower limb, like as leg length difference (LLD), genu varum, genu valgus, foot 
pronation, flat and high arched foot may not place individuals at risk of PFPS; 
however individuals with PFPS may demonstrate one or more of the abnormal 
biomechanics. Although this result is helpful for runners with abnormal 
biomechanics, further research is needed in order to explore the actual effects of 
these abnormalities. 
In the present study, no differences were found in knee and hip range of 
motion (ROM) and flexibility of hip flexors and iliotibial band between the two 
groups. These results showed that the restricted ROM of knee and hip joints as 
well as shortness of hip flexors and iliotibial band may not be intermediate factors 
in creation PFPS. 
6.1.2. Treatment 
There is no agreement about treatment of PFPS, however, some methods such as 
patellar taping, physical therapy, muscle strengthen and stretching was suggested. 
In our study, in accordance with the benefits of TC on knees, we compared TC 
group with the patients with PFPS and control group. We found no significant 
differences in electrical activity of VL, VMO and TFL muscles in TC group 
compared with the two other groups. Additionally, there were no significant 
differences in VMO/ VL, VMO/ TFL and VMO/ (TFL+ VL) ratios across all knee 
flexion angles. In regard to the higher age of the TC group than that of the patients 
and control group, it was expected that TC group had lower amplitude than that of 
the younger athletes, due to muscle atrophy in higher age. However, our results 
showed no significant differences in electrical activation of VMO and VL between 
the young athletes and TC group. It may be assumed that TC training affects the 
quality of the EMG signals. 
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In addition, the findings of this study indicated no significant differences in the 
angle of lumbar lordosis between TC group and the patients as well as TC and 
control groups. However, the degree of anterior pelvic tilt in TC group was 
significantly less than that of the patients and control group. Based on the age of 
the TC group, the results of the present study suggest that TC is an effective 
training method to prevent pelvic drop. It may be suggested that patients with 
PFPS, who have anterior pelvic tilt causing pain in their knee, use TC exercises to 
improve their pelvic drop and subsequently alleviate pain. 
Additionally, our findings showed significant differences in LLD between the 
TC group and the patients as well as TC and control groups. Most of the TC group 
had no LLD. This finding emphasizes that TC exercises have an affect on equal 
length of legs and can help to decrease of presence of this problem in runners. 
 No significant differences were found in genu valgum, genu varum, foot 
pronation, flat and high arch foot, knee and hip ROM and flexibility of hip flexors 
between the TC group and the two other groups. However, significant difference 
was found in flexibility of ITB between TC and control groups. In regard to age 
differences between groups, it may be resulted that TC training is useful for 
posture alignment and flexibility. Maybe it helps patients with PFPS in 
improvement of their posture alignment. 
In the current study, we only compared TC group with the patients and control 
group. For clearing the effect of TC exercise on improvement of PFPS, further 
research is needed with emphasis on performing the TC training on the patients 
with PFPS. 
 
 
 
 
 
 
 
110    Summary 
All of results were summarized in follow table: 
 
       Groups 
Risk Factors 
Patients and 
Control 
group 
Patients and 
Tai chi group
Control and 
Tai chi 
groups 
Explanation 
Amplitude Of VMO 
at 15° angle 
No No No No significant differences 
in VL and TFL at 15° 
Amplitude Of VMO 
at 30° angle 
Yes No No No significant differences 
in VL and TFL at 30° 
Amplitude Of VMO 
at 45° angle 
Yes No No No significant differences 
in VL and TFL at 45° 
VMO/ VL ratio 
across all knee 
flexion angle 
No No No __ 
VMO/ TFL across 
all knee flexion 
angle 
No No No __ 
VMO/ (TFL+VL) 
ratio at 30° angle 
Yes No No No significant differences 
in this ratio at 15° and 45° 
angles 
Lumbar lordosis Yes No No __ 
Pelvic tilt No Yes Yes __ 
Leg length 
discrapancy 
No Yes Yes __ 
Knee deformities No No No __ 
Foot pronation No No No __ 
Arch index No No No __ 
Range of motion No No No __ 
Flexibility of hip 
flexors  
No No No __ 
Flexibility of  ITB No No Yes __ 
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 Abteilung Sportwissenschaft 
 AB I „Sportmedizin - Gesundheit und Training“ 
Universität Bielefeld | Postfach 10 01 31 | 33501 Bielefeld 
 
Einverständniserklärung 
 
 
Name:  
 
Geburtsdatum: 
 
 
Hiermit erkläre ich mich einverstanden, dass bei mir/meiner Tochter/meinem Sohn im Rahmen ei-
ner Studie des Arbeitsbereiches Sportmedizin der Abteilung Sportwissenschaften der Universität 
Bielefeld ein Oberflächen-EMG und eine orthopädische Untersuchung durchgeführt werden. 
 
Die Anonymisierung der Daten im Falle einer Publikation wird gewährleistet. 
 
 
____________________   ______________________ 
Datum Unterschrift   
Prof. Dr. med. Elke Zimmermann 
Lehrstuhl für Sportmedizin 
 
Raum: E0-110 
Tel.: 0521.106-6109 
Fax: 0521.106-6129 
elke.zimmermann@uni-bielefeld.de 
www.uni-bielefeld.de/sport 
 
Bielefeld,  
Seite 1 von 1 
 
Attachment    129 
 
 
 
 
Fragebogen 
Nr.  Der Name von EMG Ordner: 
Name:  Vorname:
Alter:  Gewicht:
Größe: 
• Ich bin: 
  Rechtshänder ?  Linkshänder ? 
• Welche  Sportart betreiben Sie? 
• Wie lange betreiben Sie Sport? 
• Haben Sie Schmerzen im Kniegelenk? 
  Ja ?  Nein ? 
• Seit wann haben Sie Schmerzen im Kniegelenk? 
• Die Schmerzen sind im: 
  rechten Knie ?  linken Knie ?  beiden ? 
• Haben Sie eine Kniescheiben‐Verletzung  gehabt? 
  Ja ?  Nein ? 
• Hatten Sie eine Operation am Knie? 
  Ja ?  Nein ? 
• wenn ja,Welche? 
• Verschlechtern sich Ihre Schmerzen beim Laufen? 
  Ja ?  Nein ? 
• Verschlechtern sich Ihre Schmerzen beim längeren Sitzen mit gebeugten 
Knien? 
  Ja ?  Nein ? 
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• Fühlen Sie Schmerzen, wenn Sie Treppen steigen oder beim Bergsteigen? 
  Ja ?  Nein ? 
• Fühlen Sie Schmerzen, wenn Sie die Treppen runtergehen oder beim 
Bergabstieg? 
  Ja ?  Nein ? 
• Fühlen Sie ein Reiben in Ihrem Knie beim Gehen oder Laufen? 
  Ja ?  Nein ? 
• Üben sie oft Kniende Tätigkeiten aus? 
  Ja ?  Nein ? 
•  Wenn ja, wie viele Stunden pro Tag? 
 
 
 
Attachment    131 
 
Physical examination 
Nr.  Name:
• Foot: 
  Flat  ?  Normal  ?  High arch  ? 
• Back foot axis: 
  pronation  ?  Normal  ?  Supination ? 
• Leg axis: 
  Valgum  ?  Normal  ?  Varum  ? 
• Leg length minus: 
  Right  ?  None  ?  Left  ? 
• Pelvic tilt: 
 
  Right side: 
  Anterior  ?  Normal  ?  Posterior  ? 
  Left side: 
  Anterior  ?  Normal  ?  Posterior  ? 
• Lumbar lordosis: 
 
  Positive ?  Negative  ?   
• Knee ROM: 
  E/F:   Right    Left 
• Hip ROM: 
  E/F:   Right    Left 
  Ab/Ad:   Right    Left 
  ER/IR:  Right    Left 
• Thomas test: 
  Positive ?  Negative  ? 
• Ober test: 
  Positive ?  Negative  ? 
132    Attachment 
• The projction of pain:: 
  Medial ?  Lateral  ?  Underneath the patella   ? 
  Others  ? 
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